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Hokusayqe Akagemuu nayr CCCP 
1959 Tom 127, Ni 2 


MATEMATHKA 


K. M. BEJIOB 


OB OJHOSHAYHON ONPEMEJEHHOCTH MOBEPXHOCTEM 
NOJIOKKUTEJIbBHOM KPMBH3HbI C KPAEM 


(ITpedcmaeaeno axademuxom H. H. Bexya 3 IV 1959) 


B uccleopaHuax 06 OL HO3HadHON OnpeseeHHocTU He3aMKHyTOM MOBepXHOCTH 
MOJIOKUTEIbHOM KPHBU3HbI MCTPHKOH M KpaeBbIM yCJIOBHeM, HapsaAy C MeTOJOM 
WHTerpaJIbHbIX MOPMYJI, MOXHO HCMOb3OBaTb TaK?Ke CHCTeMy ypaBHeHHli 
Taycca — Ilerepcona — Komanuu, paccmatTpupaa B Heli KoaddbuuenTH! BTopolt 
KBa\paTH4yHOK COpMbl NOBePXHOCTH B KayeCTBE HEM3BECTHIX (PyHKWMH, a KOdCp- 
@UUMeHTHI N€pBOH KBapaTHUHOM copmMpl cuyuTad sayaHHbimu. Beakaa Teopema 
O €(MHCTBEHHOCTH PpellueHHA KaKOH-H60 KpaeBoH 3aauM JIA 9TOH CHCTeMBI 
O3Hayasla Obl OMHOSHAUHYIO ONpeeeHHOCTh (C TOUHOCTbIO JO TPHBMaJIbHbIX 
TipeoOpasoBaHuii) MOBepXHOCTH C 3aaHHOl MeTpuKOH Mp 3aaHHOM ycJIOBMM 
Ha kpalo. 

1. Tlyers saqaHa noBepxHocTb c paguycom-BexTopom r(u, v)€W® (DL), 
p> 2, NOOxKUTebHOM BCIOLy BIVIOTh AO kpad TayccOBOl KPHBHS3HbI. Bpi6e- 
peM Ha Hel OpToroHaJsbHO-M30TepMuuecKy!0 CHcTeMy KOopiuHaT. Torja 


ds* = A (u, 0) (du? + do"), A S0, 


mpHyemM oOOslacTb W3Me€HeHHA MapaMeTpOB MOXKHO MpeANoslaraTb eMHMUHbIM 
Kpyrom I’ c rpanuuet S. Cnenya HW. H. Bexya, 3anuuiem ypaBuenua [lerep- 
coHa — Kojlauuu B Buge 


dw w ow w dw , Ona | i on) 
dz 2VKflwP % ' 2VK+loP % § dz | 2VK+loP % 
rye w (Zz) = '/2 (62 — 61) + ib? (b' — cmeiaHuble KOMMOHeHTHI BTOpOH KBajlpa- 


THUHOH cbopMbI mMoBepxHocTu); AK —rayccoBa KpHBH3Ha TOBepXHOCTH, HM pac- 
CMOTPHM JIA STOTO ypaBHeHMA MMHefHy!I0 KpaeBylo 3ayayy. 


Re (z"w)s = g(s), n>O0, (2) 
mpeyromaras, uro g(s) yoBjeTBopseT ycsioBuio Tembyepa c MoKasaTesem 
(0<k}<1). Ecam nopepxHocTb MMeeT BCIOAY BUJOTh AO Kpad MOJIOXKUTEJIb- 
Hyl0 KpHBH3Hy, TO CipaBefmMBa Cyleqylollad TeopeMa: 

Teopema 1. Sadaua (1), (2) 6 Kaacce WY (T) umeem He Gonree odxoe0 


pewenus. 
Sra TeopeMa jerKO AoKasbipaeTca MeTOZaMH padorTl (?). 
3ameTuM, TO K 3afaue (2) CBOAMTCH 3aada C OTPHaTeJIbHBIM HMHICKCOM, 
TocTaByleHHad Jit MpOusBOJbHOK OOmacTH G, orpaHHyeHHOM KOHTypOM C Ky- 
COUHO-rvlaKOM KPMBU3HOH TaKHM, 4YTO Yb PpaHUlbl OTJIMYHbI OT HyVIA, 
C IIPOM3BOJIbHBIM JIMHeHHbIM yCJIOBMeM Bua 


Re [a (s) — i8 (s)W]z = g(S), 
rye a (s) uv B(s) HenpeppBHE! m0 Teapyepy; o* + 8° > 0; L—rpanuta ooula- 


cTu G. 
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2. ByleM lomb30BaTbcsH B JaJIbHeHWieM CJle{yIOU,MMH o603HaveHHAMH: 
a u b—reojesuyeckoe Kpy¥eHHe HM HOPMaJIbHaA KPMBU3HAa KPHBOH Ha TlOBepx- 
HOCTH} (jj — KOMIOHEHTHI YeTBeEpTOH KBafpaTHyHOH (tpopMbI. PaccMoTpHM TeH30p 


tin = by logy ae ae 
MoxxKHO oKa3aTb, UTO 
ti=A(H—w), ty=ty =iAwW, te =A(H+0), 
rie H —cpenyusa kpuBpu3sKa. Tlostomy 
b+ia=H—we? ua S. (3) 


Secb — yroOul MEX Ay MOJIOKUTeIbHBIM HallpaBsieHveM Kpax MW MOIOXKHTEJIb- 
HbIM HalpaBJieHuem ocu uw. V3 (3) cmeqyer, aro 


Re (z7w)s = b— H; (4) 
Im (2?w)s5 = —a (5) 
(yuTeHo, uTo e—2/? = —e-*, pyre o—apryMeHT KOMMJICKCHOrO 4YHCVa Z). 


TakuM o6pa30M, 3aaBad Ha rpaHule MOBepXHOCTH reofesMueckoe kpyyeHve 
WIM pasHoctb b—H, via ypaBHeHHA noBepxHocTu (1) Nomysaem cooTBerT- 
cTBeHHO 3ayaun (1), (5) uw (1), (4). O6e onn UMeroT MHeKcC —2 (n = 2) u 
cTaJiO ObITb, BepHa Cyeqywulad Teopema. 

Teopema 2. ITycmo F nu F* — 06e usomempuunole noeepxnocmu noaodicu- 
menbHoll KPUBUsHbL, NPUHAdseotcaumue kaaccy WY? ([), p> 2. Ecau @ coomeem- 
cmeyioluyux moukax Kpaa auoo a(s)=a'(s), auoo b—H=b'—H", mo F 
KOHepYeHMHAa UAU CumMmempu4na F’, 

B yacTHOCTH, TOBepXHOCTb MOJIOXKUTEIbHOH KPHBH3HbI He MOKeT OBbITL 
M30rHyTa Tak, UTOObI, HallpHMep, reoyesHyeskoe kpyyeHHe Kpaa He H3MeHH- 
JIOCb HH B OXHOH TOUKe. 

3. OTa Teopema oOulaqaeT OOubINOH cTemeHbIO OOmHOcTH. PaccmoTpuM TOT 
yacTHBIH cayuah, Korgja a = a = 0 Ha Kpasx OF u OF”. B atom cuyyae 06a 
Kpad ABJIAIOTCA JIMHHAMH KPHBH3HbI. CueqoBaTeIbHO, B YCIOBHAX TwlaqKoctu, 
OFOBOPeHHBIX BBILMIe, HMe€eT MeCTO: 

Teopema 3. Jee usomempusnole noaootumenonott KPUeUsNbL NobepxHo- 
CMU, KPAA KOMOPOLX ABAMOMCA AUHUAMU KPUBUSHOL, KONePYCHMHOL UAU CUMMeM- 
puunol. 

Tak Kak HOPMaJIM K NOBEPXHOCTH BAONb JHHHH KPHBH3HbI OOpa3yioT pas3- 
BePTbIBAIOWLHeCA MOBEPXHOCTH, TO Be H3OMeTPHYHbIe MOBepxHocTH F uu F* 
c K > 0, HOpMaJiM K KOTOPBIM B TOUKAX KpaeB OOPa3syloT pasBepTHIBalOllHNeca 
MOBEPXHOCTH, KOHTPYeHTHbl WJIM CHMMeTPHUHBI. 

B OTHOWIeHHM MOBepXHOCTeli CTPOro NOMORUTeLHOH KPHBH3HLI 3TO MpeL- 
JIOKeHve ABIAeTCA OOOOUIEHHEM U3BeCTHOH Teopemb! Tporemeliepa (); B KO- 
TOPOH pa3sBepTbIBalollanca NOBEPXHOCTb NpeMNoNaraeTcs KOHHYeCKOH, HM BCeX 
TeOpeM O KOHTPYeHTHOCTH MOBePXHOCTelt Co ccbepuueckuMi TlomocaMM y kpas, 
TaK KaK BO BCeX STHX ClyuaaX Kpal ABJIAeTCA JIMHVeL KPHBHSHbI, a pasBepTEIBa- 


lollaaicsl TOBEPpXHOCTb — KOHHuecKOH (cm. (3, 4)). OsosHauuM yepes n BeKTOP 
TaHIeHWHabHOM HOPMasIH K Kpalo noBepxHocTH. Ecau KacarTeJibHble K IBYM 


=— 


U3OMeTPHYHBIM TIOBePXHOCTAM Fu F*B ToukaxX Kpat HM B HanpaBseHun 7, 


COOTBETCTBEHHO %, OOpa3yIOT pasBePThIBAalOlNeca MOBepxHocTu, TO F u F* 
KOHIPYyeHTHbI HJIH CHMMeTpHUHBI. 

3aMeTHM, TO MOCNeLHHe [Ba MpeMO%RKeHUA MOXKHO OOBEAMHUTH Govlee 06- 
uleH TeOpeMOH, TaK KaK aHaJIOrHYHOe YTBepxKJeHHe UMeeT MeCTO B culyyae, 
KOrja B HHX (PUrypUPyIoT MpsAMble, NPOXOMALHe Yepes TOUKH KPaad HM COCTABJIAIO- 
me, CKaxKeM, C 7(S) H 4 (Ss) He 3aBucslMe OT s yrubl. Bo Bcex sTHX cTy"anx 
Kpaw ABJIAIOTCA JIMHHAMH KPUHBH3HBI. 
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Teopemad. Jee usomempuunole nosepxHocmu, Kpaa KoMOpoLx ABARIOMCH 
OUCCEKMPUCAMU Y2NOB MeOKOY AUHUAMU KPUBUSHOL nNoBepxXNocmel, KoHepyeHmHol 
uUAU CUMMempu4Hol. 

O70 cileqyeT 43 TOO, 4YTO B 39TOM cayuae 0b — H = b*— H*= 0. 

Teopemad. Jee u3somempuunole noeepxHocmu, KpasA Komopelx cocmoam 
U3 OMOUAUMECKUX MOKeK, KOHePYeHMHbL UAU CUMMeMPL4HOL. 

B 3ToM calyyae cHopa b— H = 6° — H*=0. Bnpouem,' B atom cilyuae 
KPa OMHOBPeMEHHO ABJIAIOTCA HM JIMHHAMM KPVBH3HbI. 

Sameuaunnue. Teoesuyeckoe KpyyeHHe KPHBOH MOXKHO paccCMaTPUBaTb 
KaK, B H3BeCTHOM CMBICJIe, Mepy yKJIOHCHHA B KaxKJOM TOUKe KPMBOH OT JIMHHH 
KPMBH3HbI. IlocraHoBKa 3aqaunN 06 OJHO3HAYHON OMpeeIeEHHOCTH NOBepXHOCTH 
B TEPMHHaX KPHBH3HbI MpescTaBsiaeTcA BecbMa ecTecTBeHHOH. IIpu sToM ucue- 
3aeT HaOOHOCTb B AOMONHHTeEIbHBIX TEOMeETPHYeCKHX KOHCTPYKUHAX, KOTOPbIe 
He TOJIbKO 3€TCMHAIOT CYTb flela, HO 3aCTaBJIAIOT TAKKe NPHHATH PAX mpey- 
NOJOXKeHHH, HE ABJIAIONIMXCA HEOOXOAMMbIMH MO CyllecTBY 3aauH (HalpHMep, 
MOJIOKeHHeE WeHTPa ciepbl B 3afauax co ctbepuyecKoH kKpaeBo mMovocon). 

B 3akulioueHHe BbIpaxkato OarogapHocTb 1. H. Bexya 3a nocTaHoBKy 3afla- 
4M HM ICHHBbIC COBETHI MPH ee pemeHuu, a TakxKe H. B. Eqdumosy 3a nposBvien- 
HbIM HHTepec H NOMOLIb B NOATOTOBKe paOoTh! kK NeyaTH 


MatemMaTuyeckuit HucTHTyT HM. B. A. Crekaosa Tloctymusio 
Akajemun Hayk CCCP 1 IV 1959 


UHTHPOBAHHAS JIMTEPATYPA 


1 VY. H.Bexya, Matem. c6opu., 31(73), Ne 2, 217 (1952). 2K. P.Grothe- 
meyer, Math. Zs., 55, 253 (1953). ? S. Go hier,C. R., 288, 1859 (1954). *S.Gohier, 
Gy R., 240, 2291 .(1955.. 
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Jloxxann Akagemun nayK CCCP 
1959. Tom 127, N 2 


MATEMATHKA 


¥O. JI. BACHJIBEB 


MUHUWMAJIDHbIE KOHTAKTHbIE CXEMbI JIS BYJIEBDBIX | 
®YHKUMM YETbIPEX MEPEMEHHDIX * 


([Tpedcmaeaeno axademuxom M. B. Keadouuem 2 IV 1959) 


1. OcHoBHadA 3afaua TeOPpHH KOHTAKTHbIX CX€M COCTOHMT B CHHTe3e CXeM 
C MHHMMaJIbHbIM UMCIOM KOHTAaKTOB. B MpHHiwne OHA pelllaeTCA TPHBHaJIbHO: 
MHHMMaJIbHad CX€Ma OTbICKHBaeTCA MepeOOpoM ,BceX BaPpHaHTOB, BOSHMKAaIOMUX 
IPH MOCTPOeCHHH CXeMBI, peaM3ylouleH JaHHy!o PyHKuuIO. Ho TpeOyempli mepe- 
60p HaCTOJIbKO BeJIHK, YTO axKe TPH HeOObUIOM UHCIIe MeEPeCMEHHIX MesaercA 
HeOOO3PHMbIM. TecHO CBA3aHHaA Cc OOWleH mpoOslemMOH CHHTe3a MHHHMAJIbHbIX 
CXeM 3ajlaua 06 OTbICKaHHH (byHKWMM, Ha KoTOpol ocTuraetca L(n) (1), Kak 
moka3an C. B. A6monckul (7), 6€3 noMHOTO MepeOopa BooOule HE MO*KeT OBIT 
pellena. 

Metojbl CHHTe3a CX€M"C MHHHMAJIbHbIM UHCJIOM KOHTAKTOB, Jalollue coKpa- 
lleHHe TlepeOopa, TpeOyloT MpeosOJIeEHHA OUeCHb Cepbe3HbIX TPyAHOcTeH, MHOrO 
TePAIOT B OOWIHOCTH MH JlelalOoTCA MIPHMeCHHMBIMH JIMIIb K OTJ@JIbHbIM KJIaccaM 
(yHKuHH. Ho 4 TaKHX pe3yJIbTATOB H3BeCTHO OYCHb HEMHOLO, MH KaxX bl U3 HAX 
ABJIACTCA 3HAUHTEIbHBIM JocTuxKeHHeM: K. Kapyo (°) 6pwia ycTaHOBseHa MHHH- 
MaJIbHOCTb CX€MbI JIA CUeTUNKA YETHOCTH B CJyuae n MepemeHHpIX; A. A. Map- 
KOBbIM (*) OblJIa JOKa3aHa MHHMMAJIbHOCTb MO YHCJTY KOHTAKTOB KOHTAKTHO- 
BeCHTHJIbBHBIX CX€M C MOJIOMKHTEIbHbIMM KOHTAKTAMM JIA MOHOTOHHbIX CHMMET- 
PHYeCKHX (PYHKWAH OT N MepeMeHHbIX. 

2. Mapecruo, uTo cyiectByer 402 Tuna (°,1) dyHkuHH 4 mepeMeHHbIX HU 4TO 
JOCTaTOUHO YCTaHOBHTb MHHHMAJIbHOCTb CXEMBI JIMUIb LWIA OAHOK PYHKWMH WaH- 
HOro THM, TaK Kak [MIA OCTAJIbHBIX (PYHKUMH STOO THMA MOXHO NOMYINTb CXEMBbI 
TOH 2Ke CaMOH KCTPyKTYpbI». HyMepaluaA THNOB B3ATa M0 KaTanory AfiKena (°). 

OrnpaBHbIM MYHKTOM HacToslleH paOorbl Obll KaTasor cxeM Wid byHKUnA 
4 MI€peMeHHBIX, ABJIAIOULMHcA OOheqMHeHHeM KaTasoroB Mronus u pea (7) 
4 I. H. Tlosaposa (°). ABropbl 3THX KaTaJIOTOB MHHMMAJIbHOCTb CXEM He BBIAC- 
Hamu **. Tlocne ynpoujenua Gomee 100 cxem yqalocb MOKa3aTb MAHHMAJIbHOCTB 
BCeX CXeM MOJyYeHHOrO KaTasiora. OOulan uyeAx BCeX MOKA3aTENbCTB COCTONT 
B OTbICKaHHH HaCTOJIbKO TOUHOH OWCHKH CHH3Y JIA YHCa KOHTAKTOB BO BCe- 
BO3MOMKHBIX CXEMHBIX PeaJIM3allHAX JaHHOH CPYHKIMH, 4YTO 3Ta OLeHKa JOcTH- 
raeTca XOTA Obl Ha OHO U3 CXeM. 

3,1. BBejlem OcHOBHbI€ MOHATHA MU CPOPpMyAHPyeM OCHOBHBIe pe3syJIbTaTHI. 
TloHsaTusA, KOTOpbie He OMpeeueHbI, 3aMMCTBOBaHbI 43 paCoret (4). 

_ OuesuyHo, uo Tipu HeMOHOTOHHOCTH (byHKWMN” | To KakOH-sM60 U3 Mepe- 
MeHHBIX xX; (1°) B CX€Me JOJUKHbI ObITb Kak KOHTAKTHDI x; Tak u x;. B camyyae 
MOHOTOHHOCTH IO TepeMeHHOM x; C OMpeeeHHOCTbIO MOXKHO TOBOPUTb O Ha- 
JIMYHM B CXe€Me JIMIb OHOTO H3 YMOMAHYTbIX KOHTAKTOB: xX;, KOrgja f BO3- 


* Hactosllad 3aMeTKa ABIAeTCA PasBHTHeM JUMMOMHOM paooTsl aBTOpa, OCHOBHBIe pesy.JIb- 
TaTbI KOTOPOH ObIIH M3/10%KeHbI B OOSOPHOM JoKManze C. B. A6monckoro na Bcecoio3HoM copemla- 
HHH M10 TeOpHH ycCTpolictB pemeHoro nelicTBua, M., 1957 r. 

** Yoke IPH Mogroroske HacTosMel 3aMeTKH K NeuaTH aBTopy cTama u3BecTHa cTaTEA Toys- 
fa (°), B KOTOpoli yKasbiBarioTcA MMHUMAIbHbIe CXemEI Aa 19 ynKuUli u MpHBO_ATCA OLeHKU 
Aaa PyHKUMK, Hay, KOTOPBIMH MM BeseTCH Talbuelad pabota. 
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‘pacTaeT No NepeMeHHOH X,;, H xX;, Kora f yOblBaeT lo 9TOH mepemenHolt. To- 
JIyseHHy!0 M3 9TOrO cooOpaxKeHHA OWeHKy JIA UHCIa KOHTaKTOB Ha30BeM 
TPHBHAIbHOH OWeCHKOL uM O6o3HauuM Yepes f. 


O6osHauuM yepes L uNCuI0 KOHTAaKTOB B cxeme S, peaiMs3yroujeH byHKun f. 
Pasnoctp r= L—t Ha30peM U36HITOUHOCTHIO CXeMBI S. 


Ilycth xf oGosHayaer x; np o=1 u x; upo o=0, = x9, 
Ilo npeo6pasopannem F nepemeHHElx B cxeme S, peamus3yriouren f (x1,..., Xn), 


SyeM MOHMMaTb 3aMeHy TepeMeHHLIX {x, — Lip bMh Si Mi ys eee 


pH KOTOPOH CHMBOJI X, BO BCeX BXOXKTCHHAX B CX€MY 3aMeHAeTCA Ha Oe 
aX, Ha XR. 
a 

Cxempt S, u S, Ha3blBaloTca H3OMOP@HBIMH, ecH cyilicTByet TaKol 

U3OMOP(PH3M HeCyMUXx UX CeTeli (1!) H Takoe npeoOpasoBanue F Tl@peMeEHHBIX, TPH 


_ KOTOPOM COOTBeTCTBEHHbIe peOpa ABJIAIOTCA HOCHTeCJIAMHM COOTBETCTBEHHbIX nepe- 
MeHHbIX. M@#@HYMaJIbHbIe §~=HEH30- 


Mopuble CXeMbI, peasM3yroulue 2 Sn PA 7) 
<OHY HW Ty *e cbyHKunio F, Ha30- z € INL 


BeM H30MepaMuH. O6o3HauuM (A) 


x eke he eu bist 7 z Gg 

uepes L (f) HClO KOHTaKTOB B 7 ES pe QS 

HUX. Io PN eee 
Henyvlepy!0 H36bITOUHOCTb uMe- z 


2 ay acl So ie 
1OT V30Mepbi IIA “eTbIPeX THTIOB Kx> Rien (a) 
«pyHKUMH TpeX TepeMeHHBIX: 7 ZINE-& a 

N L > 7 a F 


<i ) 


XYZ \) XYZ \V XYZ, (B) ao. 2 
SE tency ; LMA, 2s eT 7S (0) 
LU ZN) YeNpeye,.  (C) OO eae lle: 
ve 
x+y -+ z (mod 2). (D) Puc. 1 


HerpyHo jloKa3aTb, UTO BCe H30Mepbl AIA 9THX THMOB HCYepMbiBaloTCH 
-yKa3aHHbIMu Ha puc. |. 

ByeM roBopuTb, 4To MHOxKecTBO 6 ToMmapHO pa3/IM4YHbIX (CHMBOJIOB) KOH- 
TaKTOB X;! ABIAeTCH MEMeKTOM CXEMBI S, CCIM B HEM MMEIOTCA Te H TOJIb- 
KO Te KOHTAKTbI, KOTOpble HMelOT Oosee OMHOTO BXOMKMeHHA B Cxemy S (AA 
smoot cxempl (1) puc. 1 8 = {x}, a ua moOolt cxempl (2) 6 = {y, z}). Cosoxyn- 
‘HOCTb T1OMapHO pa3JIMUHbIX MecpeKTOB BCe€X CX€M, H3OMOP(PHbIX JaHHOH, Ha3o- 
BeM pacupewemeHueM CxeMbI (o6aa cxema (1) puc. 1 uMmeer pacmpe- 
Jeneuve d, = {(x), (y), (z)}, a mo6aa cxema (2) umeeT pacmpeyeeHue dy = 
= {(x, y), (os ay, (y, y)}. CopokynHocTtb D momapHo pa3/iM4Hbix paciipelemenni 
IIA BC€X M3OMepPOB, peasM3y!IONlHx PyYHKUMIO /, HA80BeEM pacnpewemeHuem 
ayHKWun f (byHKuna (A) uMeeT pacnpenenenue D = {d,, dg}). 

KOHBIOHKILMIO CHMBOJIOB, H3 KOTOPbIX COCTaBJIeH JedexT 6, Ha30BeM (po p- 
MY JOH MedexkTa, a AusbIOHKUMIO Popmys eceKTOB, H3 KOTOPBbIX cocTaB- 
seHO pacipefemenue d (usm D) cxempl (uM PyHKUHN), HasoBemM POPpMy JON 
pacupeeweuua cxempl (umu ctbyHkuuu). Ecum B stax cbopmysiax x;? cun- 
TaTb 3a CHMBOJI He3aBHCHMOH OyseBol mMepemMeHHOl, TO 9TH opMysbI OyAyT 
3aaBaTb OyJleBbl cbyHKWMM (HalpuMep, dPopMywa x-x edekta JuoOOH us cxeM 
{D) puc. | 3anqaet dyHKuMIO AByxX MepeMeHHbIX x U XxX), KOTOPbIe TOKE Ha3s0o- 
BEM COOTBETCTBCHHO etbeKTaMU, pacipefeseHuaAMH cxem (yHKUMH) u O6o- 
sHauMM yepes 6, d u D. Pee 

IT pumep. Pacnpefxenenua 1a usomepos (A) —(D): ama(A) dh =xvyvz, 
d, =xyy xzy yz, D=d, yd, =); ana(B)u(C) d=D=xvy vz; qua (D) 
xx V yyy 2z2=d=D. 
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Ilycrs R(@®)—munumym paHra uHTeppaop (') dyHkuun MD uw nycTh jj 
,(D) — _u3bI0OHKWMA uHTepBanoB paHra R(@) dyuKuua MO. Hasopem R(M) | 
u y(@) coorpeTcrBeHHO paHTOM Hu AAPOM dynkuuu OD. 

CeueHuem dbyuxuun f (x1, Xo, X%3, %4) HasoBem |} 
(PyYHKUHIO 9 (Xz, Xi, %;,), WOyYeHHy!O u3 f MOAcTaHOBKOW | 
KOHCTaHTbI BMeCTO OJ[HOH H3 MepeMeHHBIX. 

Ilycrb cxema S umeet L KOHTaKTOB HM peasu3yeT 
f (%1, %2, X3, %4). locrpoum yxHKuni D;= & D— KOoHb- 
1OHKILMIO pacipemesenuh D jaa Bcex ceyveHuh MyHKUMH 

Puc, 2 j c HelycTbIM pacnpejeseHvem. 
Teopema 1. L>t+R(@)). 

Teopema 2. Ilycmb 10po Ya; maxoso, umo f MOoHOMOHHA No eceM 6xO- 
Osuum @ Heeo nepemenHoim. Toeda L >t + 2R(M}). 

TIpumep. Ilycrs f umeer Tun Ne 264: (0, 1, 2, 4, 7, 11, 13) (cm. (*)) 
f=w (yy xzv x2) vy w (xyz vy xyz xyz). Cxema S gaa f TipuBpeyeva Ha 
puc. 2. Ceyenna f uMmeror pacnpefenenua Di =xyvyyyvz(w=1); De= 


=wvyyvz(x=1); Ds=xxvyyve2(y=1); D=wvyxvy z=!) 
(y ocTaJIbHBIX ceyeHHH pacipefedenus nycTH); O;= &D; = (x vy vz) (WY 
V¥v2) (xVyyyv 2) wvevy), R(O)=3, t=8 LS8+3=1l, 
YTO JOKa3bIBaeT MHHUMAJIbHOCTb CxeMpl S. 

3,2. MuoxectsBo J, BCCBO3MOXKHbIX HAOOPOB & = (a 1,..., On), THe a; = 0, 1, 
Ha30BeM fl-Me€PHbIM €LHHUUHBIM KYOom. MuoxecTBo BCeX /-MepHbIxX 
rpaHeli k-mepHoro noyKy6a KyOa 7, NoKpbiBalolluX BepllHHy &, Ha30BeM 
(r, k)-3Be3R0H BepwuHb oa. Ilycrb M,—Hekotopoe MHOxKECTBO AByMep- 
HbIX TpaHei KyOa J, Hv w—ona M3 ero BepmHH. PaccMoTpHM TloxMHOKe- 
crsaa M, = =M C My, KoToppie aBmsorca (2, k)-3Be3,aMu BepIIMHE! & mIpu 
k>3. Hasopem p=maxk NOpAAKOM BEepIINHb! o& OTHOCHTeMbHO My. 

M(?) 
(ecan M nyctel, TO p He cyllectByer). 

Kamo PyHKUMH f(x), X2, Xs, X4) COOTBETCTByeT MHOM*KeCTBO Ey BEPLIHH &. 
Ky6a Jn, rae f(#) = 1. Bepumuy « € E; kyOa J, Ha30BeM N30 UPOBAaHHON, 
eCJIM OHA COJepxKUTCA B M@KCHMAJIbHOM MHTepBasie (1) n-ro paura. JIuaro- 
HaJIbHBIM CeyYeHHeM QyHKUMH [(%, %, X3, X4) Ha30BeEM (yHKILHIO 
p(u, xX:,, Xz), Womyyenuyto us f NoxcTraHoBKol x7} = xj?, roe iz=1, 2, 3, 4 
MW ins< i, mpn R=<l. Ha30pem HOCHTE AMM 9STOFO AMaroHabHOTO ceueHHA 
AByMepHble rpaHH KyOa /4, Ha KOTOPbIX xf =x = 1 u Xp = OG? = 0. 

Ilycrs I’ — muoxkectBo Tex uaroHaJIbHBIX ceuenuii o cbyHKuuu f, KOTOpBIe 
MMe€IOT HeHYJIeBy!0 H3ObITOUHOCTh MH HOCHTEJM KOTOPbIX HOKPbIBaIOT H30JIMpOBaH- 
Hy!0 BeplunHy #€ Ey. Ilycrb M,—Muoxectso nocutTeseH Jaa 9 €T uw nycts 
p —MOpAOK &% OTHOCHTeJIbHO Mo. 

Teopema 3. Ecau f[(X1, X2, X3, %4) uUmeem OONY USOAUPOBAHHYIO eepiuUHY 


c p =38, mo y cxemo S Oaa f us6elmounocme r> 1 u L(f)>Li(f). 
Teopema 4. Ecau p = 4 (6 amom cayuae bepuluna o6s8aMeALHO U30~ 


Aupoeana), mo Oana f u f oOnoépemenHo r > 2 u L> 10. 
Teopemad. Ecau p=4 u dyakyua umeem no Kpatineti mepe ea ce- 
ueHUuA C HeHyAesoll usbolmouHocme1, mo L > t + R(P,) 4+ 2. 


TL a0 rn mae 


L (i) Oey ag 


bo 


Ame awe 


| z | 42 | 15] 39] 57 | 404! 8¢| 53] a8 | 9 | 2 


bo 


Uncno0 THIOB | 2 | 1 | 


4, Jia Bcex THNOB yHKUHH, Kpome 40 THnOB, Teopembl 1—5 nosBous10T 
OOOCHOBaTb MHHMMaJIbHOCTb cxeM. J[IA OCTaJIbHbIX THNOB MOJyYeHbI HHLMBH- 
yaJibHble JOKa3aTeIbCTBa MMHMMAaJIbHOCTH. 
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Ta6auua 2 


Teopemp 1 u 2 Teopemb 8—5 


Lop} 


5 165, 169, 170 


6 13-, 35, 60, 109 


_ — 


7 LGna0e oee74, 101 ads, 406,174, 481, 


195, 204 = 
G20 ely 00, Sonar bn Wl 84,0 112, 80 
8 117, 120, 133, 136, 137, 138, 140, 142, 


1495 LIZ, 1805465. 184,195 197 221,236 


206 Oly, Hd, 44 OA BZ BO Dine AOA all hy | Ae Ot 905 440s 105 Ae SB. eerie 
9 OMe CoN OO, OF, 102, tin, 106, 120. oon 148 69) 73),0 2110 
PMU TES A156, TS8y 16h, 162)° 1735 182; 
PST COG eats 2122 a2 24s 389 


26, 27, 53, 57, 92, 96, 105, 128, 129, 151,|147, 159, 208, |28, 70, 103, 131, 
10 154, 190, 192, 200, 220, 225, 228, 235 227 132, 139, 145, 
209, 214 
41 | 55, 104*, 340", 106*, 342*, 134, 144 94 72, 206, 212, 226 
42 | 107, 245, 237 56 460*, 290*, 205 
13 163*, 293* 


Ta6a. 1 noKka3biBaeT, CKObKO THNOB PYHKUNU peau3yeTcA C JaHHbIM YHCJIOM 
KOHTaKTOB. Ta6Jl. 2 cucreMaTH3upyeT HoMepa TuNoB dyHKuHhH f no L(f) (ro- 
PH30HTAIbHbIe rpadpbl) H Mo cnoco6amM nowy4YeHHA OWeHKN cHu3y Aisa L(f) (Bep- 
THKAJIbHbIC Ppa*bl; OHH 3ajaloTCA HOMepaMH TeOpeM, H3 KOTOPHIX NOJYUeHbI OLeH- 
KH). Brpade Bb ganbl yoMepa THMOB, NOTPeOOBaBLIMX HHJMBUAYaJIbHbIX OKa- 


_3aTembeTB. B Ta6m. 2 He yKa3aHbI: HOMepa OfHOTO M3 KaxOH Mapbl THMOB 


(HMeHHO TOT HOMep, KOTOPpbIii Oombule), K KOTOPbIM NpHHalviexkaT PyHKinu f 
u f, ECM 9TH CPYHKIUMM UMeIOT MWIOCKHe H3OMEPbI; HOMepa THMOB, WIA KOTOPbIxX 


| OKa3alacb JOCTATOUHOM TPuBHabHad olleHKa ¢. Ecuim quia / HeM3BeCTeH MMOCKHH 


H30MeP, TO B TaOu. 2 JaHbl HOMepa TuNOB f uf (OHM OTMeYeHBI 3Be3L0UKON). 


MockosBckKHlt rocyapcTBeHHbIM yYHHBepCHTeT Tloctymusio 
um M. B. Jlomoxocogpa ol ITT 1959 
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Jloxnxayn AkawqeMun Hayk cccP 
1959. Tom 127, Ne 2 


MAT EMATHKA 


A. T. BATYUIKHE 


MPHMEP MHO>KECTBA TIOJIOKKUTEJIbHOM JJIMHbI, HO HYJIEBOK 
AHAJIATHYECKOH EMKOCTH 


(ITpedcmaeneno axademuxom A. H. Koamoeopossim 1 IV 1959) 


Bpejem as o603HaYueHHA: tT— HJIOCKOCTb KOMIJICKCHOrO NepeMeH- 
Horo z = x + iy; C (e) —rapMoHMYeCKad EMKOCTh MHOXKECTBA € C7; ¥ (e) — aHa- 
JIMTHYCCKaA EMKOCTb MHOx«ecTBAa e (cM. (1) HH (?)); Ge (Z) — ynKnus Ambdopca 
JA MHOKeCTBAa @, T. €. CbyHKIHA, KOTOPad KOHOpMHO oTOOpaxkaeT Ha eMN- 
HMUHBILi KPyP BHEeINHIOIO K @ (cOfepxKalllyIo OecKOHeyHO yaJieHHy!0 TOUKy) 


KOMIIOHeEHTY ero JOMOJIHEHHA HW TakoBa, uTO limzge(z) = ¥(e); A(e) — quMHa 
2-00 


MHOxKecTBa e (no Xaycmopdy); 6(e) = infA(e) (HMxKHAA rpaHb OepeTca 10 


BC€BO3MO%KHBIM 3AMKHYTbIM MHOKeCTBAaM f, OTICJIAIOULHM € OT O€CKOHEYHOCTH). 
B pa6ote (?) Roka3pIBaeTCa, 4TO JIA BCAKOFO 3aMKHYTOFO MHOKeCTBA & 
HMeeT MeCTO HepaBeHCcTBO 6(e)< aC (e), rage a> 0 — aOcomioTHad KOHCTaHTA. 
HerTounocTb 93TOH OMeHKH BHAHA XOTA Obl H3 TOFO, UTO JIA MHOXECTB @, 
METPHYeCKad PA8MEPHOCThb KOTOPbIX MeHbule | u Gobue 0, 6 (e) = 0, a C(e) > O- 
B TeyeHHe HEKOTOPOrO BPeMCHH CUMTAJIM JOCTOBEPHbIM HepaBeHCTBO 6 (e) < ay (e)- 
Cyelyiomui MpvMep MHOXKecTBa, JWIMHa KOTOpOrO MOJIOKUTeIbHa, a aHaJIH— 
THYeCKaA EMKOCTb paBHa HYVIIO, ONpOBepraeT 9TO HepaBeHCTBO. 
IloctTpoenune nmpumMepa. Mukcupyem nNocJeOBaTeJIbHOCTh BO3pacTalo- 
ULMX HaTYPaJIbHbIX YHCEI Np = 1, Np > 1 (R= 1, 2,...). [locrpoum no unAzyKuuK 
CHCTEMb! OTPCSKOB 7 i,7,.72% (Ef = Lyles ms 9 Mjaqs J ly or on, leah eee 


B  kayecTBe f;=/7, UpuMemM oTpesoK OQx<l. Cucrema {rj,... 2,} 


(fg =1,2,..., Mey), iy ..., ip, QUKCHPOBaHEI, MolyyaeTcH H3 OTPesKe 
Tijinip_, CUICMYIOWMM OOPasOM: Fy @ ...,ip_, Pa3OMBaeTCH Ha Ng_, PaBHbIX 


oTpesKoB {r; _i,)) OTPe30K 1;,,;, MOBEPHEM B MVIOCKOCTH t OKOIO ero 


WeHTpa Ha npamoii yroJl H NOJYYeHHbIH TaKHM OOpa3s0M OTpe30K OO603HauHM 
yepes Tie Ba tipee 


Tlono*xuM 
k "Np—y 


=) 2 Digs oe 


p=2 ip 


OQ6Oo3Ha4uHM uepe3 2e;,:, ig TOMOMOTHYECKHH pense nocse{OBaTedbHOCTH 


m "p—1 
MHO2KECTB a > Tit, wip (M=R-+1,...5 WHDeKchI iy, ic,..., ig PUKCHPO- 
p=k ip=1 
BaHbl). J\1q ynpomeHHA 3anvcH MHOxeCTBA é;,;,...;, (k PHKCHPOBaHO) O6o3Ha- 
k—-1 
k [; 
YM Yepes @; (i a=! 1 Doar 9 Dest omOn = ll Nm) 


=1 
B wacTHOcTH, MHOxXecTBO él, SIBJIAIOWeeCA We/bIO Halllero mocTpoeHus, 
olpefesiaeTcH Kak peje rocieqoBaTesbHOcTH MHOxKeCcTB R!, R?, 
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Jlemma 1. JJauna Kasdo0z0 us mnooecme eb, Rt, R®,..., R*,... paena |. 
JlelicTBuTeIbHO, TaK Kak pH NOBOpoTaxX BCHAKOrO OTpe3ka M3 Tt, Napau- 
JieJIbHOrO JIHOO BelleCTBEHHOH OCH, IHO60 MHMMOH OCH, OKONIO ero WeHTpa Ha 
MpaAMOH yroJI COXpaHAeTCA erO NpOeKIUMA Ha Kaxkyio U3 IPAMbIX y= -+ x, 


k 

TO KaxKloe U3 MHoxecTB RR", a culeOBaTeJIbHO, HM MHOXKeCTBO e€; MpoeKTH- 
pyeTcd Ha yKa3aHHble IIpsAMble B OHH H Te xe OTpesKH AyMHI V 2/2. Tlostomy 
k 3 
jh (R")>1 (k=1,2,...) w h(e;) >> 1. C azpyro# croponpi, ya Kaxyoro u3 

MepeUHCJICHHbIX MHOKECTB HETPyAHO MOCTPOUTb CKOJIb YrOXHO MeJIKOe No- 
KpbITHe KpyraMH Cc CYMMOM jJ{HaMeTpOB, CKOJIb yroxqHO Oum3KoH xk |. 
Cneqosatenbuo, h(R“) = h(e}) = 1. 

k 

Jlemma 2. ITpu ecaxom namypaasHom k 8(R") =2, 8(e;) = 2. 

J{oKa3aTeJIbCTBO aHadOrHyHO JOKa3aTeJIbCTBY JIeEMMBI |. 

JlemMa 3. ITycmo e, u 2. — 06a 3amKAYyMoIX NOOMHOMeCMBeAT; F — OOnACMb, 
| MCHCAWWAA 6 T-—€;— ey, PABOCNAIOWAA eC; U Cy, OCPAHUYEHHAA ANAAUMULECKUMU 
KPU6dlMU Y U Yo, ABAIOWUMUCA AUHUAMU yYpoeHA GynKyuUu Aavgopca ¢, (Z) 
| OAL mHOoKecmea 4; ¥ = {\Py(z)| = 133 % = {1oyi =e < 1}. 

Toeda 6cakas aHnanumuuecKkan 6 t—e€y— ey Pynkuyuan f (Z), OepanuuenHas 
_no modyato eduxuyet, moocem Oolmb npedcmasrena 6 eude cymMol Oeyx GbYHK- 
“yuu fy(Z) u fe(Z), Komopole aHaAUMUUHOL BCtOOY BHE e, U ey (CoomeemcméeHHo) 
u oepaxudeHol KonCmanmot C,[1 —In(1—p)] (Cy > 0—abcoatomnan  Kou- 
cmanma). 

Hokasateabpcrtso. [lpeo6pasopanue w = ¢1 (z) mepepogur (OAHOMMCTHO) 


o0ulacTb g B KOUJIbIO p< |w| <1. 
PaccmoTpHM dyHKuUHIO 


rye 


fla eee, (eee 
|u|=e Ine 
| px |wj = i? meen 
|u|==p 
| lh (@)|<C,|In(1 —p)|, ecm p> 


(CC, — aOcomoTHasa KoHCTaHTa). CileqoBaTeJbHO, 


lis (W)1 SC, [1 —In(1 —p)], 
a Torma 


liz@|<|/@)|+|h@!|CC11—In(l—p)) (Ja@}<1). 
AHaJIorHuHO foKasbiBaeTcs, TO pH |w| >p 
| is (@) |< C2 [1 —Jn (1 —9)]. 


Takum o6pa30m, dyHKuuI0 f(z) = J (Ww) B OONacTH g yJasOcb npeAcTaBHUTh 
B BHJe€ CYMMbI JByX aHaJIMTHYeCKUX CylaraeMbIx [} (Z) = j,(W) H fo (z)=jo (w), 
OrpaHMYeHHBIX B g BeJMYHHOH C,[1—In(1—p)]. ®yxKuusa f(z), Oyayun 
aHaJIMTH4eCKOH B t— €,— és, MpecTaBHMa B BHe CYMMbI *PyHKWHH fy (Zz) H 
fe(z), aHamHTHYeCKHX B t—é€, H t—-€y (COOTBETCTBEHHO) WyHKuHH f,(Z) u 
fo (Zz) © TOUHOCTHIO AO MOCTOAHHBIX ClaraeMbIX MOryT ObITb BbIOpaHbl eMHCT- 


BeHHbIM CMOCcoOoM, a MO3TOMY MOXKHO CUHTaTb, yTO Npn zE€g_ f,(z) =f, (2) 


H fo (z) = fale). 
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Ecau z uM €, He pa3feseHbl OO/lacTbIO g, TO, B CHJly MpHHiuNa MaKCHMyMa 
JWIA aHasIMTHUeCKHX (pyHKUHH, 


| fe (2)| < Cs [1 —In(! — )], 
fr (I<IF@l]+]fe@!<1+ C21 —In(l —p)] <C, [1 — In (1 — hI. 


ONATb *Ke B CHJIY NpWHUWNa MaKCHMyMa NocJiehHee HePpaBeHCTBO OCTaeTCA 
CNpaBeVJIMBBIM HW IIpH BCHKOM zt CAs AnasloruuHoe HepaBeHCTBO NOJYUaeTCA 


IA PyHKUMH f,(z). JiemMa foKa3ana. 
nt 


Jlemma 4. ITycmo e=X ez ecmb mxoocecmso u3 t; f (2) =u (Zz) + tu (Zz) — 
k=1 

(bynKyun, OOradaroLY4aA CaeOyoiUmU ceolicmeamu: 1) mHODCeCMé6O &;, 3aMKKYMO 

U PpacCnoAaoz#eeHO 6HYMPU OOAGCMU Ye, OepanUMeHHol scOpOaHosoll Oyeoti Yr, 

Oauna Komopott He npesocxodum C3/n, O62acMb gp Codepscum MOoUKY z= 

=X, —=k/n, o6nacmu gp nonapHo He nepeceKxatomcs; 2) dyxKyus f (2) ana- 

AUMULHA BHE MHOSKeCMeA e UL OepanuueNa no moOdYAIO KONCMaNMot Cy, d(e) > 


>=2>0, ede (e) — eeecmeennan 4acmb 6eauduuHel d (e) + ip (e) = 43 \ f(z)dz. 
‘ 45 Yo 
h(er)| > ——K(E), ede d(C) ecme sewe- 
: 4 
CMBCHHAA 4ACMb BbIPAICEHUA M (Ep) =) (Cx) + iw (Cg) == oa \ f (2) dz; &>0— 
vk 

KONCmanma, s3aeucAyan Aub om ¢ (C3, Cy, Cs -— abcomomuHole KONCMaHMbL). 
Jloka3aTeabceTBo. PuKcupyem z= xX, <0 M4 OeHHM CHH3y 3HayeHHe 

| f (%)|. meen: 


Toeda npu n> Cs; h = max 
k 


_ 1 Chad 4 SC Ede 
[ (%) = a reer ree \ p> 


<-——X0 Xp — Xo 


BR nea roy ==) | = 


=2>1| 2 (sen) + Huon) + \ Ma 9F Oe D, 
k=1 ‘ ¥ 


p (2 -- Xo) (Xz — Xo) 


CJIETOBATeJIbHO, 


ExeAves eS x, — Xo nh (ty — Ko Ca nm)’ 


A (€,) 1 y C3 (ONG: 
. 4 
k= | k=1 


T. @., CCIM M- JOCTaTOUHO BeJIHKO, TO 


n 
a h (ep) | (Ga 
Xp ———aX() 


[a (x9) [> | 


1 
{== 5 
ssi Xp — Xo n 


Jlalee, OO03HaYad Yepes ¥ UMCJIO BCeX TAKUX MHOKeCTB CHCTeMbI {é,}, 1A 
KaxKMOrO H3 KOTOPBIX } (eg) 1/2 h = 1/, max] (ep) |, Mosmyuaem 


R=] 


ON (ep 4 


ao 1 
Xp — Xo iL 


ae 
yl 


Cy 
n 


Li (Notes 1 | > 
k=1 


1 
fl [In —-—— — nd — ¥q) | — sn 


1 
Xo 


Cy 
n| xo | 


‘ MoxkHo Mpeqnouarath, uTo h < 2A (e) /n, uOOB IIPOTHBHOM CJly uae B KauecTBe 
MOKHO NpHHATb |. A rorga, cuntaa | x,| MocraTouHO MaJIbiM fo cpaBHe- 
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Hato cl vw AocTaTouHO GoubUIMM no cpaBHeHuio c | /n, noyyuaem 


An n Ay 

| u (Xo) | > 5) In a er ee 
€ nh v 

2 5 (In Y—NX. ape! 


A Tak Kak |u(X))|<C4, To 

fn v 
v— NXo —| NXo 
CuefopaTebHO, v >>C(s)n, rye C(c) >O0 sasucnT mumb or e. A Torna u3 
HepaBeHCTBa } (e) < h(n — vy) + 1/59 nomyyaem 


In 


< ate!) = C;- 


A (e) yy 2 d (e) sae ol (e) 
eae NOY leat OY TS Ei nt i (é). 
_JJemmMa yokasaHa. - - 
Teopema. Ecau nocaedoeamenonocme uucea n;> ny, (i = | on .«3 Ng — OO- 


emamouno O6oaewan abcoaomHan KoHCMaNma), mo OAA coomeemcmeyrouyezo 
| mHoocecmea e, (cm. nocmpoenue) h(el) = 1, y (et) =0. 

| Hoxasareaperso. IIpexnonoxwum, sto ¥ (e;) =e >0. Torna naa byuK- 
uu f(z) = Pl (z) Mowyuaem Jim af (2)5—5 [ (z)dz=«. B cuay memmpl 3 mpu 
[2|= 


BcaKOM Rk cbyHKuun f(z) Moker ObITb MpefcTaBieHa B Buse f(z = St (Z), 


k 
rye fi (2) — PyHKuuA, aHasMTMYeCKad BHE COOTBETCTBYIOMeroO enoeenes eit 


HM OrpaHHueHHad HeKOTOPOH aOcouIOTHOH KOHCTaHTOH Cy. Tlonaraan hp = 


ab 
ye / I] Ni, M3 JIeMMbI 4 MovlyyaeM, 4YTO TIpH HeKOTOPOM i 
i=1 


| (ei) | > — (1 +8) = eh, (1 + 8), 


rye X(e:) = Re [lim aft (z)]. CaeqoBaTesbHO, Mp HeKOTOpoM i 
Zz—>0CO 


| (e2) | > = ea (1 + 8) = hs (1 + 8). 
Paccy«adt aHalorMuHo Mp BCAKOM HeyeTHOM k, mMouryyaeM, 4TO Mp He- 
KOTOPOM i < Pe 
|X (€f)| > ehe (1 + e) A402, 
Ho Tak Kak e; uMeeT JMaMeTp, He MpeBocxosanul 2hg, TO|d (e7) | <Cq-Qrhp. 


Takum o6pa30m, moulyuaem HepaBeHcTBO efx (1 + 8)%-D/2< QnCyhp, KoTOpoe 
MIpH focTaTouHO Oombwux k nmporuBopeynBo. CyeqoBaTesbHO, ¢ = 0, T. e. 
(et) =0. B cuny semmnt 1 h(e;) = 1. Teopema noxasana. 
| Cnenctsnue |. Jina muomectsa e; S(e})>0, a (ei) =0. 

CanenctTsue 2. Jina pcakoro f MOXKHO MOCTPOHTb 3aMKHYTOe OrpaHH- 
YeHHOe MHOKECTBO TaKOe, ITO JWIMHa BCAKOH JIMHHM YypOBHA ero (dyHkuMH 
Ansdcpea 6yneT He MeHee, vem ny (e). 

Yka3aHHbIM CBOHCTBOM OOIayaeT MHOXKEeCTBO Re. e€CJIH TOUbKO k jocra- 
TOUHO BeJINKO. 

Cnexctsue 3. Hecmorpa wa TO, 4TO VIHA MHOKeCTBAa €} TMOulOx%KU- 
TeylbHa, BCIKad aHasMTMUecKad BHe €; OrpaHvuenHad cbyHkuNA OOA38aHa ObITb 


xoucrantol. TlocuieqHee BblrekaeT 43 TOrO, 4TO 7 (e;) =0 (?). 
Tlocrynua1o 
1 1V 1959 
WUTMPOBAHHAA JIMTEPATYPA 


Lali Va vAchel Duke Math. J., 14,1 (1947), 7 A. Tr. Butymxkun, JLAH, 128, 
Ne 5 (1958). 3? A. tywmkHH, JAH, 123, Ne 6 (1958). 
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Jloxaagm Axkagemun nayr CCCP 
1959. Tom 127, Ne 2 


MATEMATHKA 


Unen-koppecnonjent AH CCCP H. M. TEJIB®AH] u M. WM. FPAEB 


O PA3JIOKEHMH MPEACTABJIEHHM PPYTIMbi 
JIOPEHL[A B MPOCTPAHCTBAX ®YHKILHH, 
3AJ]AHHbIX HA CHMMETPHUECKHX MPOCTPAHCTBAX, 
HA HEIIPHBOJAMMbIE MPEJCTABJIEHHA 


1, Ilycth} G — rpynna Jlopentia, T.e. rpymma KOMMJI€EKCHBIX MaTPHIl BTO- 
poro nopsikKa g = | , ; | c ompefemutenem 1; X —cHMMeTpHyecKoe mpocTpaH- 


cTBO Cc rpynnom yBuxKeHHa G. ComoctaBuM Kaxkjomy g “3 G onepaTop cjBH- 
ra T, B npoctpancTBe pyHKunn f(x) Ha X : Tyf(x) = [(xg) *. Tpebyerca pasuio- 
X%KUTb MO yyeHHoe MpescTaBseHve rpynnbl G Ha HENPHBOAMMble NpeCTaBJIeHHA. 

CymlecTByeT Ba CHMMeTPpH4eCKHX MpOcTpaHCcTBa pa3sMepHoOcTH 3 c rpynnot 
ApuxKennit G (1). OHO u3 HHX — OObINHOe TpexMepHOe MpocTpaHcTBO JloOayes- 
ckoro. PasnoxeHve mpescTaBlleHua rpynnbl G B npocrpaxcrBe JloOayescKoro 
Oplio noyueHo B (*). IIpu sTOM cymlecTBeEHHO HCNOJb380Baslacb KOMNAKTHOCTb 
nolrpynnbl BpalleHu B mpocrpaHcTBe JloOayescKoro. B AaHHOH 3amerTkKe JlaeT- 
CA pazJlO*KeHHe MpeCTAaBJIeHHA B APyrOM CHMMeTPHYeECKOM MpocTpaHcTBe c rpyni- 
nol 7BuxKeHHi G. lloyrpynna BpallleHuii B STOM MpOCcTpaHCTBe y2Ke He KOMMAKT- 
Ha; OHA JIOKaJIbHO H30MOpdHa Nosrpynne BeLLeECTBEHHbIX MATPHL BTOporo nNopAy- 
Ka. 

Y KaxKeM Be MOM paccMaTpHBaemoro MpoctpaHcTBa X. [leppaa Mogetb — 
BHELIHOCTh ciepbl («a6couoTa») B TPe€XMe€PHOM BellleCTBeHHOM IMpOeCKTHBHOM 
NpocTpaHcTBe; ABHXKeHHA — JpoOHO-sHHeHHbIe MpeoOpa3s0BaHuA, COXpaHsAlo- 
IHe BHeWHOCTh ciepni**. J[pyrad Mojleatb — COBOKYNHOCTb BC€X 9PMHTOBBIX 


b = 
MaTpulL x = \ | c onpefemuTenemM ac— bb = —l; MaTpulbl x HU —xX 


CUHTAIOTCA OTOXMECTBJICHHbIMH. KarKgoe géG 3afaeT ABYUKeHHe xX—-g* xg. 

2. CnepBa ompeyesumM opucdepb B mpocrpancrBe X. B npoctpancrse Jlo6a- 
YeBCKOTO OpHcdepaMH HasbiBaloTcA ccepbl «OeCKOHeYHO OovIbINOrO pafuycay, 
T. €. cepbl, Kacatolueca adcomoTa. OHM NoyualoTcad TBUKeHHAMH 43 NOArpyn- 


IIb], COMPA*xKeHHON c rpynnon Z MatTpu Bua lo Ail Opucdepamu B_ Mpo- 


cTpaHcTBe X Tak*ke Ha30BeM MHOTooOpasHa, NOPOKAeHHbIe JBHXKeCHHAMU U3 
nosrpymnbl, compaxeHHow c Z. M3pectHo, uro B mpocTpauctTBe Jlo6auepcKoro 
opuchepbl MOryT ObITh NepeBeseHbl JBHXKEHUAMM OHA B Apyryto. B mpoctpan- 
cTBe xe X UMeeTCH [Ba TPaH3SHTHBHBIX CeMelcTBa Opucdep; OHO, Kak u B Ipo- 
crpaHctBe JloOauepckoro, cocTOHT 43 MOBepxHOcTeH, KacaloulMxca a6comoTa; 
BTOPOe COCTOHT H3 BCe€BO3MOXKHBIX IIPAMbIX, KaCaloluluxca aOcosoTa. 

Ilycrb Tenepb /(x) — @unuTHaa OeckoneuHo Audbepenuupyeman byHKHA 
Ha X. ConocrapuM elt (yHkHI0 o(@) B mpocrpancrBe opucdep Ha X. A umeHno, 
sHayeHHe ¢(w) Ha opucdepe w onpeyzeltuM Kak uHTerpan f(x) no w. IIpencras- 
yenwe B wmpoctpancTBe X mp 9sTOM MepexoquT B mMpefcraBsienve B 
mpocrpaHcTBe opucdep. Safaya oO pasoxKeHHH MUpescTaBenua B M—po- 
crpaucTBe X CBOAMTCH TeM CaMBIM K CJIeYIOWLHM AByM 3afayam: 1) pasnoxKUTb 


xg O003HaUaeT TOUKY, B KOTOPy!o MepeBosuTca x BHXKeHHeM g. 


* a ¥ e e 
* BuyTpenHocts cbeppl c Toli xe rpynnoli ABHXKeHHH eCTb OHA U3 MoOseNeli OGBIUHOTO 
mpoctpauctsa Jlo6ayesckoro. 
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npefcTaBsenue rpynnsi GB npocTpaHcrBe opucdep Ha HENPHBOLUMBIe mpeycrTaB- 
AeHHA; 2) BbIPasHTb dyHKUHMIO f(x) yepes ee HHTerpanbl NO OpHcdepam 

Peeve NepBOH 3aau OCYULECTBAAETCA SIEMCHTAPHO C MOMOMLbIO Mpeobpa- 
30BaHHa Dypbe — Meusnuua (7). Mbt mpHBeyem 3fecb pemlenue BTOpol 3anaun. 

Bropad 3ajava fomycKaeT CJleAylomlyIo SKBUBaeHTHy!O opMy.IMpoBKy. 
| Tpebyemca pasaoscume 6-qynKyuro 6 npocmparucmee X Ha opucdepnole eoaHel, 
| T. @. Ha (yHKUMH, cocpeyoToueHHbIe Ha opucdepax. Tlockompxy mpocrpan- 
| cTBO X OMHOPOAHO, AOCTaTOUHO NOMYNTb passoweHne b-cbyHKUMN, Ccocpezo- 
| TOV€HHOM B KaKOH-MO0 (UKCHPOBaHHOH TOUKE Xp. 


SallauM B MpocTpaHcTBe TOUKy X= i ; a | , HM Myctb 6(x) 0o603Ha- 
yaeT S-yHKUMIO B MpocrpaHcTse X, cocpeqoroyeHHyio B ToUKe X,. Toz- 
rpyiima Bpawenuli V Boxpyr TOuKM xX, COCTOHT M3 MaTpHIL v= 3 a ; 
| |a/?—|6/?=1 (ompenessmouux «coOcTBeHHble BpallleHua») um u3 MAaTPHIL 
|o= | PE r | , |a|?—|B|? = 1 (onpeyzenstomnx «Heco6cTBeHHble BpamjeHusy). 
—a a 

| Baeyem cbyHkunio 7 (x) B MpocrpaHcTBe X: ecu x = ; ¢ TO 

i _ fa—cV\? (fa—c\? 1h a—ec ; 
oS FH CEIT" worm [<b 

r(x) = 0, xorga |*>* = le 

Pasaooncenue 5(x) Ha opucqbepHole 6oaHol 8sadaemca opmyaoti 
(x) = 2 \eye’x)n| — de (e) + 272700, (2) 
Tt TT ‘ 


Tye du (v) —uHBapwaHTHad Mepa B NOsrpynne BpallleHuu, a HHTerpupoBpaHve 
| BeZeTCA TOJIbKO NO COOCTBEHHbIM BpallleHHsM. 
Iloscuum aty dopmyzy. Marpuubt x, yOBleTBOpsIoNIve ypaBHeHHto 
(x0), =-+EC, roe vEV, C0, ompexesmor AByMepHy1o opucdepy B mpo- 
_eTpaucTse X; B yacTHOCTH, (U'xv);,; = -E 1 ecTb ypaBHeHue JByMepHOH opy 
| c(epbl, NpOxoMAlel uepes TOUKY x%).CueLoBaTeJbHO, mdyakyua 6” [|(U'xV)y,|—1 
cocpedomowena Ha opucdepe, npoxodnwei uepes mouky XxX), a nepeoe CAa- 
eaemoe 6 Gbopmyne (2) ecmbe ycpeOnenue amux dbyHKyult no coeoKynnocmu 
opucdep, npoxodAtuux “epes MOUKY Xo. 
C -pyrok cTOpoubl, pacCMOTpHM KOHYyC C BePIWMHOH B TOUKe X%), Kaca- 
| TeJIbHBIG K a6comoTy. Ero o6pa3y!oulMMH SIBJIAIOTCA OJ HOMepHble opucepet, 
| TIpoxofaulue vepe3 TOUky x). ByemM moBopayMBaTb 9TH OpHcdepbl B Kaca- 
| TeIbHOH mylocKocTH K aOcosMOTY BOKpyr TOUKU KacaHusa Ha yrom9,0<K9< 4/2. 
Tlosyuaempie opucdepbl oOpa3ylor paccioeHHe BHellHelH uacTH KOHyca. Tou- 
| Hee, vepes KaxKy!o TOUKY NpoctTpaHcTBa X, JlexKalllylo BHe KOHYCa, 3a HCK- 
| JUOUeHHEM MHOrooOpa3sva pasMepHocTH 2, MpOXOAMT OfHa HU TOMbKO OHA 
| Taka opuccbepa. OxasblBaeTca, uTo eeedenHan GbynKuyusn r(x) cocpedomouena 
KQK pas 60 6HeWHell “ACU KOHYCa.U NOCMOAHHA HA KaocOotl us nocmpoeHHolx 


OOHOMEPHbIX Opucdep. 
3. YkaxkeM, Ha KakHe HeMPHBOAMMbIe MpelcTaBIeHHA pack Ja bIBalOTCA 


lipeAcTaBsieHua B MpocTpaHcTBax opucdep. 
HanomHuM, TO HeMpuBoluMble npefcTapienua rpynnp! JIlopenwa (OcHOB- 


HOH cepuu) peamusyiorca (°) B mpocrpancrBe dynKkunu f(z), 2=x-+1y, 


YAOBJIETBOPAIOMIUX YCJIOBHIO S| f(2)2dxdy < oo. Om 3aqatoTca WeubIM MH- 
| @KCOM fl WM BeWLCCTBEHHBIM TapaMeTpoM p. OnepaTrop npeycTaBJieHux, OTBe- 


yalollMH MaTpHlle g = ! : : | , 3ajlaeTca opMyv1io“ 
Taf (2) =F (Geqeqy Be + Ber (Be + 8)", (3) 
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OxaspipaeTca, UTO MpefcTraBeHve B MpocTpaHCTBe JBYMePHbIX OpHcdep 
packJlaj[bIBaeTCH B KOHTHHYaJIbHyIO CYMMY HeIpHBOJ\MMbIX NpescTaBeHHit 
Cc MHfekcom 1 =O (npeacTaBneHua Kacca 1), mpuuem KaxKjloe HeNpHBoMMoe 
mpefcTaBeHHe BXORMMT B pa3glowKeHHe c KpaTHocTbIO 2. [Ipemcrapienue xe 
B MpoOcTpaHcTBe OJHOMEePHbIX OpHedep packsabiBaeTCA B JMCKpeTHy!O CYMMY 
HeNPMBORMMBIX MpecTaBIeHHH c MHZeKcOM p=O M YeTHBIM ; Kaxkjloe He- 
MpHBOAMMoe MpedcTaBsIeHHe BXOQHT B pa3sslOxKeHHe C KpaTHOCTbIO |. 

4. Pa3oxwKeHue npecTaBvieHuA 


T ef (x) = f(g "xg) (4) 
B MpocrpauctBe X SPMHTOBbIX MaTPHL x = ey | Cc onpeyemuTesemM ac — 
— bb = —1 (no ycnosnto, MaTpuubl x u—xX OTORecTBIAIOTCH) Ha HeMpH- 


BOJMMbIe TpeCcTaBJICHHA 3aaeTCA CienyIOWlMMH (bopMyviaMnH. 
Ilyctp f (x) =f (a,6)—dunutHaa GeckoHeuHoO puddepeniiupyemasx dyHK- 
WHA B MpoctpauctTBe X. Torya 


-++co 


f (a,b) =C, \ (p+ 2%) | |a — bz — bz + czz P21 d, (2, ) dz dz + 

= € yee ce —- - - 

+C, di n\e a Rates 6 (a — bz — bz +622) bs (2; 4n) dz dz, (5) 
n=) 
rye 

$4 (250) =\ (a8) |a—b2—B2 + eztv Maa (6) 

scenes ; 
a (2; 4n) =| F(a, bye 82 8 (a — bz — Bz + cz2) are (7) 


cei 
Syecb 6( ) o603HauaeT 6-cbyHKILHIO; = = €CTb HHBapHaHTHaA Mepa B Mpo- 
ctpanctse X. Korga cdysKuua f(x) mpeo6pasyerca mo mpefcTrapmenuio (4), 
cooTBeTcTByioulve PyHKUuU >; (Z;p), b2(z;4n) mpecOpasyioTca No HenpuBoyH- 
MbIM MpejcTaBJle Hu AM 


Teds (2p) =: (GET; p))Be + 8/22, (8) 
T gy (2; 4n) = be ( ee 4n) (Bz ++ 8)2"—1 (Bz -E 8)-2n-1 , (9) 


Hmeem mecmo gopmyaa Tlaanwepeaa 


| F(a, 6) F(a, 0) Medea 


+00 foe) 
Bae \ edo) | $4 (2; 9) Pde dz + Cy >) n\ |b, (2; 4n)|Pdzdz. (10) 
—oo n=] 
Sra (opmysia nomyuaetes u3 pasnoxenuit (5) u (6), (7) cnenyromet cop- 


MaJIbHOH BbIKJIaKoH. B unrerpane \ f (a, b) f (a, d) ae 3aMeHHeEM (pyHKILHIo 


f(a, 6) ee pasnoxeHnem m0 dbopmyusie (5). 3arem caenyer n3MeHNTD MOpALOK 
HNTCrPUPOBaHWA H MPHMeHUTb K MOJYYeHHOMY BbIpaxkeHuto popmysi (6) x (7) 
202 


SaMeTHM, TO B pa30x%KeHve MpelcTaBeHuA B MpoctpaHcrBe X BXOZUT 
1/, MUCKPeTHOH CepHH: HHeKc N MpoberaeT He BCe esble 3HAYEHHA, a JIMUb 3Ha- 
ueHHA, KpaTHble 4. EcJiv 9PMHTOBbI MATPHIbI xX H —xX He OTOKJECTBIATL MEXKLY 
coOoH, TO MbI NOy4YHM pacluMpeHhe NnpocTpaHcTBa X, ye HE ABJIAIOWIEeCA CHM- 
MeTPHYeCKHM MpocTpaHcTBOM. Pa3ioxwKeHHe MpelcTaBJeHHA B 9TOM MpOCTpakH- 
CTBe OCYUIECTBIACTCA NO aHaJIOPHYHbIM C(POPMYyJIaM, OJHAKO B Pa3JIOXKeHHE BXO- 
yuT yxe 1/, QHCKPeTHOH cepHH: HHJeKc n npoberaeT BCe YeTHbIE 4Ca. 


_ {Mocrynuso 
fo V 1959 


UHTMPOBAHHAA JIMTEPATYPA 
SOW Knew Hy Heesxauora reoMeTpH 4, 1935. 2? UW. M. Tea bdaug”z, mM. U. 


IT paes, Tp. Matem. o6m., 8, 321 (1959). ? WV. M. Tenpgaugz, M. A. Hatiimapk, 
Vi3zs. AH CCCP, cep. matem., 11, 411 (1947). 
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Jloxxagm Akajemun Hayk CCCP 
1959. Tom 127, N 2 


MATEMATHKA 


H. B. E®HMOB u C. B. CTEXKHH 


ONOPHbIE CBOHCTBA MHO>KECTB B BAHAXOBbIX TIPOCTPAHCTBAX 
WH YEBDILUEBCKHE MHO)KECTBA 


(I1pedcmaeneno axademukom I]. C. Aaexcandpoesim 20 III 1959) 


Muoxectso M 8B Merpuyeckom mpocTpaHcTBe R MbI Ha3biBaeM 4 e 6 BI Ill e B- 
C KUM, ecu Ja 000K TOUKH xER cyilecTByeT eQHHCTBeHHad TOUKAa y EG M Ta- 
Kaa, uTO paccrosHue p(x, y) = e(x, M). CxBolictBa ueOpilleBCKHX MHOXKECTB 
B KOHCUHOMePHBIX OaHaXOBbIX MpOCTPpaHCTBaxX H3y4aJIHCb MHOrHMM aBTOpaMH 
(7°), B sroli 3aMeTKe yCTaHaBJIMBaeTCA HECKOJbKO MpeWO%KeHHH O YeOBI- 
WI€BCKHX MHOMKECTBaX B O€CKOHCUHOMEPHBIX OaHaXOBbIX MPOCTPaHcTBaX, JONOMI- 
HAIOULUX pesyJIbTaTb! Hale 3ameTKuH (11), re MoKa3aHa BbIMYKJIOCTb KOMMAaKT- 
HBbIX YeObIIMeBCKHX MHOXKECTB, JIe%KAallHX B O6AHAXOBOM IIPOCTPaHCTBe C PaBHOMep- 
HO MaJIbIM MepeKoOcoM (STOT KJIacc MpocTpaHcTB BkKwOUAaeT Ly). 3qecb Mbl paccMaT- 
pHBaeM YeObIILeBCKHe MHOXKECTBA B PABHOMEPHO BBIMYKJIOM 64HaXOBOM MIpocTpaH- 
cTBe (TeM CaMbIM, B JIIO6OM Ly, p > 1); pesybTaTbI OTHOCATCA K MHOXKECTBAM, OT- 
HOCHTEJIbHO KOTOPHIX MpeAnosMaraeTCA TObKO OrpaHHyeHHaA KOMMAKTHOCTS (T. e. 
KOMMAaKTHOCTb MepeceyeHHA C KaxKIbIM 3AMKHYTBIM IapoM). 

Mbt (oKa3biIBaeM, YTO KaxK0e OrpaHHYeHHO KOMMAKTHOe UeObILIIeBCKOe€ MHO- 
3KECTBO, JlexKalllee B PABHOMEPHO BbINYKJIOM H TilaqKOM OaHaxOBOM MpocTpaH- 
CTBe, ABJIACTCA BbINYKJIbIM. B WOKa3aTeJIbCTBE CYICCTBEHHO HCNOJIb3OBaHbI ONOp- 
Hbie CBOHCTBa a-OOosI0OUeK JaHHOFO MHOKECTBA H Q-BBIMYKJIbIX MHOKECTB, KOTO- 
PbIM NOCBALIeHa NepBad YacTb 3aMeTKH. Kpome Toro, B TePMHHAaX Q-BbIMYKIOCTH 
XapaKTePH3YIOTCA O©PaHHYeCHHO KOMMAKTHDbIe YeObILICBCKHe MHOXKECTBA B PaBHO- 
MePHO BBIITYKJIbIX He TlaqKMX MpoOcTpaHcTBax. 

1. Onopupe cBOHCTBa a-BHINyYKINX MHOReCcTB. Ilycth X — 
6aHaxoBo mpocrpaucTBo; M Cc X — jaHHoe MHOXKECTBO; @— aHHoOe MOs0%*KH- 
TeJIbHOe uncJio; E,—MpousBoubHbI wap pasuyca a (E,(E) o6o3Hauaer 
B JlaJbHeHIWeM Wap Cc IWeHTpoM &). 

Onpefesmenue. Hasopem a-oOon04KOH MHOxKecTBa MCX 
mlepeceyeHHe OMOHeEHHH BCeX OTKPBITHIX 1WapoB Ey, He nepecekatomynx M; 
a-o6omouky M Gyfem oG6o3HauaTb uepe3s (M)z. Muoxectso M Ha30Bem 
a-BbINyKsbIM, ecw M =(M),. 

SamKHyTbii map Eq Ha3s0BeM ONOpHBIM kK MHOxecTBy M B TouKxe x, EM, 


ecm BHyTpH Eg Het Touek M wu xX) MexUT Ha rpaHune Ey. 

MuoxectBo M G6yeM HasbiBaTb Te JOM, eCJIHM OHO uMeeT BHYTPeHHUe 
TOUKH HW BCAKad erO rpaHHHad TOUKAa ABJIAeTCA TpefebHOH JA BHYTpeHHUX. 
Hakouell, a-BbIN yK JIbIM T€ JOM Ha30BeM 3aMbIKaHMe OTKPbITOrO Apa G-BBI- 
MykOrO MHOKecTBa (HMeIOerO BHYTPeHHHe TOUKN). 

Mbl u3yyaeM 3eCb ONOpHble CBOHCTBa @-BbINyKIbIX Tes, MMesA B Buy 
TIpH 3TOM BbIACHeHHe BONMpOCca, HaCKOJIbKO OOUIMPHO MHO*KeCTBO TeX TOUeK 
rpaHMllbl G-BbIMyKJIOrO Tela, B KOTOpbIX CyleCTByeT NO KpaliHeli Mepe O2MH 
Wid TOUHO OAH ONOpHbIM Wap paguyca a. IlocrapneHHplii Bompoc aBaneTca 
aHaJIOrOoM 3aauH O CyWeCTBOBAHWM HM e(MHCTBeEHHOCTH ONOpHOH runepmsoc- 
KOCTH B rpaHMUHbIX TOUKaX OObIuHOrO BbIlyKJoro Teja. Kak u3BeCTHO, HMerIOT 
MecTO cJleyroujHe JjBe Teopempl Masypa (27): 
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1) Ecm X—  mo6ce GaHaxoso mpoctpancTBo, To B KaxkJOH rpaHnuHolt 
TOUKE MPOHSBObHOrO BbillyK0ro Teja K C X cymyectByeT M0 Kpaitveli Mepe 
OfHa ruMeplocKocTb, omopHad K Tery K. 

2) Ecmm X—cenapa6ebHoe GaHaxoBpo mpoctpancTBo, TO Ha rpaHutite 
BbIlyksoro Tema K C X cyulecTByeT MHO%KeCTBO BTOPOH KaTeropuu, B Kax- 
ow TOUKe KOTOpOrO UMeeTCA TOUHO OAHAa FUuNepnIOCKOCTb, OMOpHad kK Tewly K. 
| IIpa rex 2%e ycuoBuax Ha mpocrpancrso X ananorm 93THX TeopeM AJA 
\Q-BbITYKJIbIX TeJI HeBepHbI. Bo caMOM jleJle, paCCMOTpHM CJIeqyroulHe mpu- 
Mepb!: 

1) Ilycrs X—npocrpanctso /,, a>0— anHoe aco; nocTpouM MHO- 


| xecTBo M=X—U Ba (Ee) iT, Bea tO come), Ch; Use seh pente =a 
Sah yy 


Moxuxo noxasaTb, uro M ectb a-BblllyKoe TelO, rpakula KOTOporo CosepxKUT 
|Hysepylo TOUuKy 9= {0,...,0,...}, mpwuem B Touke 8 He cymecTByeT wapa, 
}onopHoro K Telly M. 

| 2) Ilyers X—yBymepHoe OaHaxoBo mpocTpaHcTBO, KOTOpoe Momyuaerca 
\M3 SBKJIMMOBOM [MJIOCKOCTH, eCJIM B kauecTBe eMMHHUHOTO IWapa MpHHATS 
|SBKJIM0OB KBaypaT E. Ouepuguo, X —cenapa6embHoe MpocTpaHcTBo, IpHyeM 
1B KaxkKWOM rpanwvuHol TouKke E cyujecTByeT Oec4uHCJIeHHOe MHOXKECTBO ONOPHBIX 
mapoB aHHoro paynyca. 

SaMeTuM ele, TO BO3MOXeH CuyYal, Kora B KaxkoH TouKe rpaHullbl 
HeKOTOpPOrO BBIIyKJIOrO Tela CyULeCTByeT TOUHO OHH ONOPHbIM wap JaHHoro 
pafuyca, HO MMeloTCd TpaHMUHble TOUKH C HeeAHHCTBeEHHOM ONOpHOH mvoc- 
KocTbio. JlocraTrouHO paccMOTpeTb JByMepHoe GaHaxOBo MpocTpaHcTBo, KOTOpOe 
NlowyuaercH V3 IBKJIMJOBOH MJIOCKOCTH, eCJIM B KayecTBe €MHM4HOFO IWapa 
TIPHHATS HellycToe Nepeceyenue AByX PaBHbIX IBKJIMAOBbIX KPpyrOB C pa3HbIMH 
MIeHTpaMH; TOra MpHHATHIM eAMHMUHbIM Wap OOayqaeT yKa3aHHbIMH CBOHCT- 
ipamu. Takum o6pa3om, 3ajlaya o CyIeCTBOBaHHH WM eMHCTBEHHOCTH OMopHoro 
Wiilapa CyleCTBeEHHO OTJIMYHA OT COOTBETCTBYIOWLeH 3aqa4H O06 ONOpHbIX ruiep- 
| TJIOCKOCTAX. 

MoxHO foJIyaNTb, OfHakO, aHaJior BTOpoH Teopempl Ma3ypa VIA a-BbI- 
MYKJIbIX TeJI B OaHaXOBOM IIpOcTpaHCTBe IPH HeKOTOPbIX yCJIOBHAX Ha eMHHYU- 
iHyio ciepy. Menno, Gyem paccmMaTpuBaTb OaHaxoBo mpoctpaHcTtso X, 
io0q4uHHeHHOe ycJoBHio: so6omy ¢>0 coorsercTByeT 4(¢) >0 Takoe, TO 
Lagist | mOOBIx Hy, Xo EX, || Hy || = bey [1p || %, — %2 || Se BEINOMHAeTCA He- 


<1—é6(e); Taxoe OaHaxoBo mpocTpaHcTBO Ha3bIBaeTCA 


| ! XX 
PaBeHCTBO | 3 


aBHOMePpHO BbInyK«biM (1°). Cenapa6esbHocTh MpocTpaHcTBa He Mpel- 
imOgaraetca. 
_ Jlemma 1.JTycmo Oanot mouxu a, bEX, npusem |\a||>|\6|| > 0; nycme, 


b 
— a, p(b,b')>d,>0. 


Toeda (a,b) <|la||-+(1—28 (4577) lel 


Jlemma 2. IJIycmo @ npocmpaxucmee X Oanol Osea wapa Eq, (&), Ea, (2) 
Iu mouka n, npuremn 


J&ll=a, |[&ll=a, lnll=e, e(&,&)>ad>0, 
0<ac<a<ate, axac<Kate, 0<b<ceKd+e. 


Tozda ecau 


Mdanee, b’ = 


0<e<min{t; 53(f)f, 


min {p (9, €1), 0 (1, &)} <a+ 6. 


Sra sIeMMa BbIBOMUTCA M3 seMMbI 1. C nOMOLIbIO JIeMMBI 2 WOKa3bIBaeTCA 
eilemyroujan TeopemMa (aHaJior BropoH Teopempr Masypa): 
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Teopema 1. Iycme X — paeHomepno eoinyKaoe 6araxo6o Npocmpancmeo, 
a>0O u M—nekomopoe a-eoinykace meno @ npocmpancmee X. Toeda Ha 
epanuye M cyiwecmeyem mxoocecmso emopoll Kamecopuu, 6 Kasxcdo mouKe 
KOMOpoed UMceEMCA Mono OOUHK Wap paduyca a, onopHolli K meay M. 

2. UeObMeBCKHe MHOKEeCTBA B PAaBHOMEPHO BbINYKJbIX 
mpoctpaucTBax. M3 adbHetmero cyegqyeT, YTO BCAKOe OrpaHHyeHHO 
KOMIaKTHOe YEObILUEBCKOC MHOXKECTBO B PABHOMEPHO BBINYKJIOM IIpOCTpaHCcTBe AB- 
JIACTCA Q-BbITYKJIbIM pH JOGOM @ > 0.OQHakO 3TO CBOHCTBO elle He XapakTepH- 
3yeT YeOBILIEBCKHe MHOXKECTBA, TaK KaK, HallpHMep, B TPCXMePHOM 9SBKJIMO- 
BOM IIPOCTpaHCTBe BCHKOe MJIOCKOe 3AMKHYTOe MHOXKeCTBO OOJlaaeT TEM 2#Ke 
cpolicrzom. Ilostomy cofep2kaTeJIbHble XapaKTePHCTHKU YeObILeEBCKUX MHOKECTB 
IIpHXOMMTCA BbIPAKaTb B Bue CBOHCTB ux b-pacuiMpeHull (7°), KOTOpble AB- 
JAIOTCA TeaMH. 

Teopema 2. IIycmo M—oepanuuenno Komnakmunoe 4ebbliliescKoe MHO- 
gecméeo @ paeHOMePHO eblInYyKAOM Oanaxoeom npocmpaucmee, b>O0 u Mp— & 
samKHymoe b-pacuupenue M. Toeda @ Kaotdoti eparnuunott mouxe My cy- & 
wuecmeyem eOUNCMECHHoL OnopHouli K My wap szm6o0ze0 OaxHoeo paduyca a>. 

JlokasatTesibcTBO OCHOBaHO Ha Teopeme 1 um Ha sleMMe O CHATHM apa (14). 

CaenctsBue 1. Ipu mex oe npednoaoncenuax, ecau x & My u p(x, Mo) = 
=p(x,y), 20e yE My, mo Ona atoboti mouku z, npuHadneoatuetl ayuy, KOMO- 
poll ucxodum u3 Y uU npoxodum uepes x, OyOem 


e(z, Mo) = e (2, y). 


VUcnomb3ya TepMuvosoruio, MpHHaATyio B (2°), MbI MOXXeM STO CBOMCTBO 
BbIPasHTb B CylIeAyIouleH opMe: Kaxfoe MHOMKecTBO My, ABJIAeTCA «COJIHI[EM). 
Yctpemiaa b K HyvJilO, NOJyYHM OTCIOLa, YTO MH CaMO MHOxKecTBO M ecTb 
«cone». Ecum mpoctpaHcTBo BBINYyKJIO, TO KaxkKJloe «cOuHIe» ecTb 4yeObIleB- 
ckoe MHOxKecTBO. TaKHM oOpa30M, 6 paéHomMepHoO eoinyKAOM npocmpancmee 
ceouicméeo O2PAHUK4eHHO KOMNAKMHO2O MHoOdCecmMeA OblINb KCOAHLEM) PABHOCUAbHO 
yeOollueecKomy ceovicmey. 

CaeactBue 2. Ecau M—oepanuxenno komnakmuoe 4eOeuueeckoe MHO- Wf 
MCECM6O 6 PABHOMEPHO BoLNYKAOM Nnpocmpancmee, mo Oan aroboix a>O0, 
oe .0. 


Mp = (Mo)as 


m. e. stoboe Ms, ecmb a-eolnyKkaoe mHoocecmeo npu awbom a> 0. 

B camo fede, NyCTb x € My up (x,Ms)=p (x, y), roe y€ My. Tocrpoum mpamo- ji 
JMHeHHBIM JIy4, MAyWWMH M3 TOUKH Y uepe3s xX, M HaliqeM Ha HEM TaKyl0- 
TOUKY Z, 4TO p(Z,y) =a. Torfa, cormacHo caegctTBuio 1, 


0(2, My) =p (2,49) 1a) 


Ilosromy mepeceyenne Ey (z) (| Myttycro; tax Kak, Kpome Toro, x€E, (z), TOM 
X€(Mo)a, WTO MH OKAa3bIBaeT yTBepxKeHHe. 

CnpaBeqIMBO HM OOpaTHOe: eCJIM B paBHOMePHO BBIIYKJIOM IipOcTpaHcTBe [i 
Mp =(Mo)a pH mo6nx a>O0, 6>0, to M— ye6snuescKoe MHOKeCTBO. 
Takum o6pasom, 6 paeHomepHo éebINYKAOM npocmpancmee o2paHnuLeNHo KoMNAKM- 
Hole MHODCECM6A ABAIOMCA “eObILUEBCKUMU 6 MOM U MOAbKO mom Cayuae,M 
ecau Kaxcdoe ux b-pacuupenue sgasemca a-eoinyKavlm npu sobom a> 0. 

3. WeOnmeBCKHe MHOKeCTBA B PaBHOMePHO BB- 
MyYKABX HPrAARKHXMpocTpancrTsBa x. CymectByior paBHomep-f 
HO BbIMYKJIbIC MPpOCTpaHCTBa, B KOTOPbIX HE BCAKOe YeObILIeEBCKOe MHOKECTBOIF 
BbINyKIO. B caMoM Jese, ECM Ha NOBepxXHOCTH eqMHMYHOrO Mapa E mIpocTpaH- 
ctpa X wMeeTCA TOUKAa X,, Pe ONOpHaA nocKocTb k E HeeqMHCTBeHHA, HM eCAU IE 
K — mpefebupit KoHyc B TOUKe x, (T. €. MOLOOHII o0pa3 E OTHOCHTebHO Xo|t 
C KospPulneHTOM No_OGuA = oo), TO 3aMKHyToe onoHenve K B X Gyyer ye-f 
ObILeBCKHM HEBBINYKJIbIM MHOXKECTBOM. TaKuM OOpa30M, 118 BBINYKJIOCTH BCeX| 
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yeObIIIeBCKUX MHOXKECTB CYLICCTBeEHHO ycIOBMe riaqKocTH mpocrpaucrsa. IIpu 
HallHX JONOJHHTEbHbIX MpeANOJORKEHHAX ITO YCJIOBHE ABJIACTCA TakxKe HU JO- 
CTATOUHbIM; HMe€HHO, MMeeT MECTO: 

Teopema 3. Ecau oepanuuenHHo KomnakmHoe mHootecméo, Aenatyee 
6 PABHOMePHO BoINYKAOM U e@AAOKOM npocmpancmée, ABAAeMcA 4ebviLLeBCKUM, 
mo OHO 6bINYKAO. 

Teopema 3 BbIBOAHTCH M3 TeopeMpl 2. 

SaMeTHM, 4TO B PaBHOMePHO BBINyKOM MpocTpaHcTBe KaxkKoe 3aMKHYTOe 
BBIMYKJIO€ MHOXKECTBO ABIACTCA YEObILMEBCKHM. TaKuM O6pa3oM, JIA TOTO UTO- 
Obi OrpaHHYeHHO KOMMaKTHOe MHOXKECTBO, JlexKalllee B PAaBHOMePHO BbIMYKJIOM 
W TlaKOM MpocrTpaHcTsBe, OblO YeObILWeBCKHM, HEOOXOJMMO H JOCTaTOUHO, YTOOBI 
3TO MHOXKECTBO ObIJIO BbIMYKJIbIM. 

Orciogla, Cc yueTOM pe3yJIbTaTOB KaapxKcona (?°) uw Wmyabana (44), nowlydaerca: 

Teopema 4. OeparuuexHo KomnakmHoe mxHoocecmeo, nesaiyee 6 Lp, 
p> 1, seaste* cA uebouuescKum moeda uU mOAbKO moeda, Ko2da OHO éBoINYKAO. 

M3 Teopemb! 3 BbITeKaeT, B YaCTHOCTH, TO 6 N-MepHOM OAHAXO6OM Npocmpax- 
cmee Xn KAQCC BCeX 4eObLLWeBCKUX MHOIZCeECMe coBnadaem C KAACCOM 3AMKHYMObIX 
BbINYKALLX MHOICECM6 6 MOM U MOAbKO B MoM cAYYAe, KO2da eOUHUULHAA cepa 
seanemcsa cmpoeo éoinyKAo u eaadKoli*. 


Mockosckuit rocyqapcTBeHHBIM yHUBepCHTeT Tloerynusto 
um. M. B. JlomoHocosa 17 III 1959 
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* B wae samerke (1°) Teopema 2, Bhipamkatoulad aHaslorMyHoe YyTBepKMeHHe MIA KMacca 
BcexX Or paHUU4eHH BX yeOuIIeBCKUX MHOXKeCTB, OWMOoUHAa. MmenHo, B cayyaen>3 
cyulecTByloT CTporo BbINyKNbIe MpocTpaHctBa X ,» CAMWHHYHAA cepa KOTOPbIX HMeeT KOHH- 
yecKHe (TOUHee, peOpHcTHe) TOUKH HM B KOTOPbIX, TEM He MeHee, BCAKOe OrpaHHueHHoe 4e- 
GbIINeBCKOe MHOXKECTBO BbIMYKJIO. 

Ormetum eile, uTO B Hawel s3ameTKe (11) B memme 3 Bmecto L caefxyeT unTaTb Ly 


(L,, — KoHe¥HOMepHoe MpOcTpaHCTBO). 
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Jloxxann Akayemun nayx CCCP 
1959. Tom 127, N: 2 


MATEMATHKA 


Axanemuk A. WH. MAJIBILEB 
O MAJIbIX MOJIEJIAX 


Ilyctrb K—kunacc Bcex mofeneh Buna Wt= <M, {P:}, {a;}>, YHOBMeTBO- 
PAIOMIMX HeKOTOPOM cucTeMe aKCHOM y3KOrO HCUHCJIeHHA TipelukKaTos, rye 
P;, Q;—CUMBOJbI OCHOBHBIX TpeWKaTOB WH MHAMBUAYaJIbHbIX 3JIEMeCHTOB; 
M— ocnopHoe MHoxkecTBO mosemn Wt. Odujee unco cumBouos P;, a; Oyjer 
Ha3bIBaTbcA NOP ARKOM, amomHOocTs M—momHocrTbwmogem M.Monem, 
MOLHOCTh KOTOPbIX He MeHbILe HX NOPAAKa HW B TO Ke BpeMA OecKoHeuHa, 
Ha30BeM I1paBHJbHBIMM. OcTambHble MomemM OyAyT HasbiBaTbCA 
MasibiIMM. M3BecTHo (cM., Hampumep, (')), TO Kaxk]ad NpaBHJIbHad MOJ(eJIb 
St akcuoMaTu3supyemoro ksiacca K MoxerT ObITb H30OMOpPHO orpyxkeHa B OT- 
mMuHyIo oT Wt Mojenb Toro »%*e Ksacca K, MOMHOCTh KOTOpOH OyyeT paBHa 
mOOoMy Hallepey 3aaHHOMy KapAWHaJIbHOMy UMCJIy, He MeHbUIeMy MOLLHOCTH 
MW. B wacrosmjeii 3ameTke paccMaTpuBaloTCA OCOOe€HHOCTH, KOTOPbIe MOryT 
BCTPeTHTbCA PH pacliHpeHHH MaJbIX MOseIeH, MW HeKOTOPble CMe2KHbIe 
BOMpOCHI. 

n°? 1. YnomanyTsiMa ocoOeHHocTamu O6JlalaioT, HalpuMep, MaJIble MoO/leJM 
CJIEMYIOULMX AByX KJIaccoB: 

A. OcHoBHbIMa UpequkaTaMH MOjesel Knacca Ky ABJIAIOTCA OJHOMeCTHBIe 
mipequKatTal Po(x), WHOeCKCaMM KOTOPbIX CJIyKaT BCCBO3MOXKHbIC NOC elOBa- 
TEJIbHOCTH BHA & = (Hy, %,...>, & =O0,1. Kaacc K, 06pa30BaH MojeJaAmu, 
YOBJIETBOPAIOULMMH + aKCHOMaM 


(qx) Pa (x), (1) 
(9x1) . « . (AXn) (41 SF He & Hy SE Xy ©... © Xp Xp) 

—> (x) (Pr (x) V P. (x), (2) 
re n=2",m=1,2,...;%,, u.—MpouspoubHble GOecKoHeuHbIe mocueqOBa- 
TeJIbHOCTH YKa3aHHOrO BHa, AIA KOTOPHIX [A]lm=~[Y]m. Saecb uw Maumee 
CHMBOJIOM [A], OOO3HaUaeTCA HauaJIbHbId OTPe30K <)y,..., p> MOCMeMOBAaTeJIb- 


OCT Naptligs aes 

Tyctb 9t{— Kakas-u60 GOeckoneyHaa K,-Mogemb. CormacHo (1) B mM 
HaliyTcA 9/eMeHTbI X_, AA KOTOPbIX Pa (Xa) MCTHHHO, a M3 (2) caepnyer, 
YTO JWI a&=-B SJIEMeHTbI Xq, Xg Pa3sJIMUHbI. TakumM o6pa30M, KaxKaa Gec- 
KOHeuHad Ky-MOJeub COMePKUT MOAMOesb MOULHOCTH KOHTHHyyma. B To xxKe 


BpeMA Kulacc Ky cOJepxkHT KOHeYHYy!O MOeIb MomHOcTH 2” ja KarxKyOrO 
m=1,2,... JlelicrsutembHo, nyctb M,,—copokynHOcTb Bcex mocuezo- 
BaTesbHOCcTeH B = <Bi,...,Bm> (B;= 0,1) aun m. Tlonaraa P, (8) = H, 
ecm B=[a]m, WH Pa(B)=, ecm B&[a],, mbl OOparum M,, B ucKo- 
Myt0 K,-Mojemb. CynefoparebHo, Kuace Ky, cogepxa KoHneuHble moze- 
JM CO CKOJIb yrOQHO OOJbIIMM 4YHCJIOM 9SJIEMeHTOB, He COMepxKUT CUeTHBIX 
mojevieH. 

B. Curnatypa Kuacca Ky cCOCTOHT 43 HHAMBUAya/IbHbIX 9>s1eMeHTOB ap 
M OHOMeCTHBIX omepanui fa(x), rye « mpoOeraeT yKa3aHHyi0 BbIUIe CcoBO- 
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KYNHOCTb Oe€CKOHeUHBIX TMoceoBaTebHOCTeH, a BX Bis esba er OF 4; 
m=1,2,...)—MNpou3BombHad KOHeYHad mocNejoBaTesbHOcTb. Kaacc Ke 
onpejlesiseTcaA akCHOMaMH 


KBY&... BX H Ys— fa (x) Khu (*) ([M]m = [4]m); (3) 


rye {Y1, - +--+» Ys} —- COBOKYINHOCTb BCeX TOCeMOBaTeMbHOCTeH AVIMHEI< mM, 
fo 1.2... 

Tlonaraa fa (Ag) = Qaj,,, eCMM muna B paBHa m, MbI OOpaTuM coBoKyn- 
HOCTb 9JIEMCHTOB Ag B CueTHYIO MOJemb YW xKmacca Ky. [lycth Nt— Kaxas- 
mu60 K,-Mojeb, comep»Kalilas % B KauecTBe COOCTBeHHOM noxMOoferu, u 
nycTh xEM, x EU. BM natimytcs oementst f.(x), Hw Bce OHM B Cuuy (3) 
OyAyT pa3IMuHbI Wan PasIMINbIX Takum o6pa30M, Bce co6cTBeHHEIE. pac- 
uimpeHua Ks4acca Ky, cueTHoH K,-mMoyemu 2 uMeroT MOL{HOCTb, He MeHbIIIyI0 
MOL{HOCTH KOHTHHyyMa. 

n°2. Ilpumeppr A, B, noKa3piBaloT, YTO 110 MeHbIleH Mepe WIA CuYeTHBIX u 
KOHCUHBIX MOJeJIeH rpaHWbl, yKa3bIBaeMble Cle ylouleH TeOopeMOH, He MOFryT 
ObITb MOHH2KeHBI. 

Teopema 1. Ecau axcuomamu3upyemeul kaacc K codepocum moderns IM 
OecKoneuHOol mowHocmu m, mo Mt obnadaem ucmunnolm K-pacwupenuem 
mMownocmu m&>, Ecru @ K codepocamca modenau motuyxocmett my <<m,e<..., 
mo 6 K codepocumcna u modenb motyHocmu n, yYOoeremeopsiowett ycaoceuto 
Mm m+... 8 Simm, -. 

Jlia WOka3aTesbcTBa CHavaJia U386aBJIAeMCA OT MHIMBAyaJIbHbIX CHMBOJIOB 
a; B CHUrHaType Kulacca, eCJIH OHM TaM eCTb, BBOJA BMeCTO HUX NpelMKaTHBIe 
cumBount A;(x) A WOOaBHB aKCHOMbI 


(qx) Ay (x) & (x) (y) (A; (*) & Aj (y) > x = Y) 


K TaOMIle akKCHOM, OnpeyesoulH“x KJIacc K, MW COOTBeTCTBeEHHO NepemucaB 
9TY TaOMILy B HOBbIX TepMHHax. CorsiacHO BTOpOH e-Teopeme (?) pH WoKa3a- 
TeJIbCTBe MOXKHO OFpaHHYHTbCA paCCMOTpeHHeM culyyad, Kora curuHaTypa K 
COCTOMT M3 OnepaunMH f;(%1, ... , X%m,) M UpeauKatTos P;, a Bce aKCHOMHI, 
onpenemmouue K, UMeIOT BHA (x1)... (Xp) Py (%1, ---, Xp,), THe YP, KBaHTO- 
poB He COfepxKUT, HO MOXKeT cofepxaTb yHKToppl. Ilycth Nt— 3aqannaa 
K-mojylesb OecKoHeuHOH MollHOocTH m. BBojMM HOBbI CHMBOJI Xx HM Ha3bIBaeM 
ero CMMBOJIOM l-ro nopaaKa. Cumpojamu O-ro llopayKa Ha3bIBaeM SJIEMeHTHI 
‘Mm, a cumponamu (k-+ 1)-ro nopayka yaa k>1 Hasbiwaem nocmeqoBaTedb- 
HOCTH BHJa <Cy, .--, Cm, fir, THC C1, »-+ 5 Cmy—CHMBOJbI MOpAAKOB <R, 
W3 KOTOPbIX XOTA Obl OMH UMeeT MOpsAZOK k. Ilyctb C—cospokynHocTb Bcex 
yKa3aHHbIX CHMBOJIOB BC€BO3MO%KHbIX TOpsLKOB. O6o3sHayum uepes © coBo- 
KYNHOCTb BbIpaxKeHu (akCMOM), MOJIyYaeMbIX CHOCcOOaMM a)—T). 

a) Ja anementows cEMt mumem x=&c uw Bce cdopmys Bua cc’, 


a Cnj), i COE Cn,)s fi (C1, --+>Cm;) =C, UCTHHHBIE BI; 6) Ara 
CMMBOJIOB TopAyKa >> | muulem paBeucTBa f;(Cy, --- » Cm;) = (Cir +++ » Cmpy Far; 
B) IA NMPOMSBOUIbHBIX Cj, ..., Cp, U3 C muuem dopmysmp Py(c1, .-- 5 Cp,); 
T) duxcupyem B Mt SCecKOHeyHy!0 NOCeAOBATEJIbHOCTb Pa3JIMYHbIX 9JIEMCHTOB 
b,, bo, ... M Momaraem ¢ (Dp) = Cc AMA CEM, x (On) = Ons (Cry ~~ > Cry Fad (On) = 
= fi (C1 (bn), --+) Cm; (bn)) IA CMMBONOB OovJIee BbICOKUX NopayKoB. B KayectBe 


aKCHOM IJMUI@CM paBeHCTBa C=C’ JA BCeX Tex C, C’E€C, AA KOTOPbIX 
mo = C10, )onpwonmss 1,2, +> 

Cuctema © aKkcuom a) —r) copmectHa. JlelicTBuTeIbHO, ecm ©, — Kakaa- 
mu60 KOHeuHaA yacTb ©, TO B 3anucH akcHoM u3 ©, OyMeT yyacTBOBaTb JIM 
KOHeuHOe UHCIO CHMBONIOB 43 C, a NOTOMy OyAeT yUYaCTBOBAaTb JIMUIb KOHeY- 
Hoe muoxkectBo M, anemenTos us Mt. Iycrb b, € My. WoscTaBaasa B akCHOMbI 
u3 ©, BMecTo eyehennOB céC ux n-e 3HaveHHAa c(b,), JIerko yOeuMcsA, 4TO 
pH Tako 3ameHe Bce akcHOMbI M3 ©, OyfyT ucTuHHEI B Wt. Cueqoparesp- 
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HO, wi0Oadt KOHeUHAad uacTb © BBINOIHHMa; MOSTOMY BbIIIOJIHAMa BCA CHCTeMa ~ 
©, u, 3HauuT, MHoxecTBO C MoxHO OOpaTHTb B MOJe/b KR. 3 akcuom a) —r) 
BUHO, uTO M mpHHafwexuT Kulaccy K MW ABMACTCH MCTHHHBIM paClMpeHHeM. 
mone MW. Jia nogcuera MoujHocTH M WocTaTOUHO 3aMeTHTb, YTO KarxKOMy 
céC orpeyaeT mocueqopaTembHOcTh C(b,), c (bg), ... auiemeHTOB u3 Wt, mpHyeM. 
pa3vIMUHBIM SIeMeHTaM C oTBeyaIOT pas/IMUHbIe MOcefoBaTembHocTH. I losTomy 
MOUHOCTh § He BbIUe mo, 

Jlia joKa3aTeJIbcTBa BTOporO yTBepxKeHHA TeopeMbl OOO3HayHM 4epes. 
M,, Mt, ... 3akaHHy!o MocyieqoBaTeJIbHOCTh K-MojeuIeH, HMeFOWHX MOWLHOCTH 
m,, MM, ... , H nycTb S—MuHoxecTBO MoUHOcTH m+ m,-+... CrpouM 
B3aHMHO-OHOSHaYHOe oTOOpaxeHHe 9, MHOKecTBa Wi, B S Tak, TOOL 


9, (M)&o,,,(M.,), Ue, (M,) =S. Onements S Haspwaem cuMBouamy 0-ro 
nopsaka; cumBonom (k + 1)-ro nOpaka Ha3bIBaeM MNOCJIeJOBaTeJIbHOCTE-. : 


Cy, «++ Cm fad, THE Cy, «++» Cm; — CHMBOJIbI NOPALKOB <k, cpequ KOTOpbIx 
ecTb CHMBOI nopsyka k. Ilyctb C—coBokymHOCTb BCeX STHX CHMBOVJIOB. ~ 
Tlonaraem c(n) = g(c), ecm c&o, (Mt,), uw MomaraeM <C1,..., Cm fir (= 
= fi(ci(n), -.. , Cm,(7)) AA CHMBOJIOB Oosee BbICOKUX MOPAAKOB. Kak 4 
BbIUe, SJIeEMeHTbI C CBA3biBaeM akcMoMamu: 1) c=4c’ JA pa3MUHBIX C, C’ 
U3 593 -2)\ fi (Case o.0:5.\Cmy) =SOir,. ~paaann Gr sel ye) Gee c’€C), ecu 
c(n) =c'(n) Aaa Bcex n, HauMHad c HeKOTOporo; 4) y(cy, ... 4 Cpa). AHa- 


JIOTHUHO H3IOXKeCHHOMY BbIIe merKO yOexaemcs, uTO cucTemMa 1)—4) co- 
BMeCTHa, H NoToMy C MoxHO OOpaTuTb B K-Mojeub. JlerKO BHeTb, ITO 
MOILHOCTb STOM MO] YMOBJIETBOpAeT MOKa3bIBaeMOH TeopeMme. 

n° 3. Kyaacc mMogenmeHh K, curnaTypa KOoTOoporo cocTouT u3 yHKUMH UW 
mpeAuKaTOB MU KOTOPbId XapakTepH3yeTCA YHUBepCaJIbHbIMA AKCHOMaMH, OOvIa- 
jlaeT TEM CBOHCTBOM, UTO OOBEMMHEHHE BO3PAaCTAIOMeH WeNOUKH BJIOMKeCHHbIX 
pyr B apyra K-mMofesen ectb K-mMofemb. Ilom3yacb Teopemoh | u oOcOmleH- 
HOM rHuMoTe3soH KOHTHHYYyMa, OTCIOa JIerKO BbIBeECTH, YTO KaICOaA BecKOHe4- 
Han K-moders Mt Oonycxaem K-pacwupernue arwboti Haneped 3adaxHoli mowu- 
HOCMU, OoAbUeli moWWHOCMU IMR. 

YIoMAHyTaA BTOpad &-TeopeMa MOKa3bIBaeT, YTO 3TO YTBeEp2KeHHe BePHO 
Jia JO6OrO akCHOMAaTH3HpyemMoro kKvIacca. 

n°? 4. Ilycts K — Kakol-sm6o0 Kacc Mofesei; a, 8 —kapAMHaJIbHBIe 4MC- 
Jia. CumMBosiaMu Kg, k®, K& o603HauMM Kaaccel K-MojevleH, MOULHOCTb m KO- 
TOpbIX YOBJIETBOpHeT COOTBETCTBEHHO COOTHOWCHHAM AC m, mB, 
acm< £. 

Teopema 2. IIycmp K, 'L —odnomunnolte akcuomamusupyemole KAQCCOL 
modeneti U OA HeKOMOpOeO GHecKOHe4HO20 KapOUNaAbHOo2zo a umeem Ka C Le 


Tozda Ky,CL, ecau a ne menowe nopadxa K, u Ky,CL 6 ocmaaonex 
CAYUAAX. 

Ota TeopeMa CojflepxKHT B ce6e Teopemy oO NosHOoTe Boora (3) n WoKa3bI- 
Bae€TCA aHaJIOrH4uHO nNocweqHeH. JloKa%keM, HampHMep, BTOpoe yTBep»xKeHHe. 
Ilyctb §{—coBOKyNHOCTb akcHOM, ompefensioulmx Kaacc K, u 2 —npons- 
BOJIbHad W3 aKCHOM, onpeyenmommx Kaacc L. Hyxuo noKazatb, uTo 
MCTHHHA Ha BCAKOM OeckoHeyHoH K-mojeaH MomHocTa <a. Ilyctb, Hanpo- 
TMB, Ha OecKoHeyHoOH K-Mogxemm Pt mowtHoctu m<a Bemomusetca MY. Cucte- 
Ma {®, U}, umes OeckoHeuHy10 Moyen Mt mMouHocTu m, owKHA HMETb, CO- 
rmacHo n°3, 4 Mogenb ® MouHoctu «. Torga REKG, u, cneqopaTesbHo, 
NEL, T. ec. Ha MN BeIMOHAIOTCA OHOBpeMeHHO aKkcuompl Y% u YW, uTo HeBos- 
MOXKHO. IlockolbKy pe3yJbTaT n° 3 ycTaHOBJeH C NOMONIbIO THMOTe3bI KOH- 
THHyyMa, TO HM BTopoe yTBep»xkeHHe Teopembl 2 NOKa3aHO JIMUIb B Mpeynowo- 
XK€HUM MCTHHHOCTH paCluMpeHHOW rMnoTesbl KOHTHHyyMa. 

n° 5. B cratbe (*) BBeqeHO NOHATMe npoeKTuBHoro Kaacca. Jina momeneli 
C OMHHM OCHOBHBIM MHO?KECTBOM OHO PaBHOCHJIbHO CJlexyiomemy. Ilycth K — 
AKCHOMATH3MpYeMBIM Kulacc MOlesieH, CurHaTypa KOTOpbIX OOpa3s0BaHa mpenH- 
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Katamu P;, Q; M OHOWIeHHDIM HpequKatom R(x). Bepem mpousBombHyto 
K-Mojem Si u paccmatpupaem ee noszMozesb Nt), oOpasopanHylo TeMH 2uIe- 
MeHtamu §t, qa KoToppix R(x) ucTHHHo. [Ipu stom Ha Mt, paccmatpuBaem 
JMIUb MpefukaTsl P;, He BKJIONaA B CHrHaTypy Wt, npequKaTow Q;. Kaacc 
Bcex Wi), mMosyuarowlMxcA yKa3aHHbIM cmoco6om v3 K-MojleveiH, Ha3sbiIBaeTcs 
MpoeKTHBHbBIM. MoxkHo noka3saTb, uTO Teopema | u ccbopmysiMpoBaHHoe B n° 3 
€@ CJIEACTBHE OCTAIOTCA BePHbIMM HM JIA MPOeKTMBHbIX KJIACCOB. 


IlocrymHu10 
18 1V 1959 


LWMTMPOBAHHAA JIMTEPATYPA 
1A. HW. Maapues, Marem. cOopu., 1, Ne 3 (1936). 2D. Hilbert, P. Ber- 


mays, Grundlagen der Mathematik, 2, Berlin, 1939. * B.L. Vaught, Indag. Math., 
46, 467 (1954). © A. HW. Maabues, Mss. AH CCCP, cep. marem., 28, Ne 3 (1959). 
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Jloxxagmn Akagemunu nayrk CCCP 
1959. Tom 127, Ne 2 


MATEMATHKA 


B. JI. MYPCKHH 
OB IKBUBAJIEHTHbIX MIPEOBPASOBAHHAX KOHTAKTHbBIX CXEM 
(ITpedcmaeaexo axademuxom M. B. Keadouuem 4 1V 1959) 


Jl NOJyYeHHA BO3MOXKHO Oosee MPOCTOH KOHTAKTHOH CXEMBI C 3aaHHbIMl 
MpOBOJMMOCTAMH Ha MpaKTHKe YaCTO NOJbSYIOTCA PasJIMYHbIMM SKBUBAJIeCHTHBIMA. 
npeoOpasopaHuamu cxeM. MuorouncJeHHble mpeoOpasoBaHHA paccMoTpeHbI, 
HanpuMep, B (1). ORHHM M3 BOSMO?KHBIX CMOCOOOB NpeoOpasoBaHHi ABIAeTCH 
3aMeHa MIOJCX€M 9KBUBaJIeCHTHBIMH. BO3HHKaeT BOMPOC O TOM, MOXHO JH Noy- 
yaTb [pyr 43 Apyra Bce 9KBUBaJIeHTHbIe CX€MbI C MOMOILbIO KOHEYHOTO YNCIa: 
mpaBust. ACHO, YTO OTBET Ha STOT BOMPOC 3aBHCHT OT TOFO, KaKOro THNa NpaBusa. 
paccmaTpHBaloTcs. Oka3bipaeTcA, 4YTO eCJIM MPH NPHMeHeHHM MpaBuia Jony- 
CKaIOTCA TOJIbKO TepeHMeHOBaHHA OYKB, TO OTBeT Ha BONpPOC OTPUMaTeeH; OL- 
HaKO JWI KaxKJOTO  IKBUBAJICEHTHbIC CXEMBI C YHCJIOM MePeMeHHBIX, He MpeBoc- 
XOJALLUM 7, OMMCbIBAIOTCA KOHEYHOH CHCTeEMOH MpaBHl, H MPHTOM BecbMa TIpo- 
cTHIX (cM. puc. 1, 1°— 6°). 

Ecau 2Ke JomycKaTb, KpOMe MepeHMeHOBaHHH OyKB, H NOACTAHOBKY CXeM, TO: 
y2Ke BC€ 9KBUBaJIeHTHbIe CXCMbl OKa3bIBaeTCA BOSMOXHBIM MOMYYATb Upyr Us. 
pyra C MOMOILbIO KOHeCYHOTO YMCA NpaBHJl; IPH STOM MOKHO OFpaHHuNTECA 
MOJCTaHOBKaMM BeCbMa MPOCTOTO cMel\MaJIbHOrO Bua. 

1. Cerw WM KOHTaAKTHbIe CX€MbI PaCCMaTPHBaloTcA B CMBIcse (7). Cxema B’ 
HasbipaercAd TOC XeCMOH cxemb A, eCJIH, BO-MepBbIX, BC€ KOHTAKTHI 
BepuuHb! B upuhayiexaT A; BO-BTOPbIX, BCAKHH NpHHawiexamun B nomoc 
cxempl A aABJIaeTCA B B MOJIOCOM, HU, B TPeTbuX, BCAKaA BepliMHa cxempI B, aB- 
JIM}OULaACA KOHILOM He BxOJ Alero B B KOHTaKTa CXeMbI A, eCTb Mostoc cxempl B. 

Onpegenaeuue. Ilycrb B u C — cxembl, Mexyy MouOcaMH KOTOpHIX 
YCTaHOBJICEHO HEKOTOPOe B3AHMHO-OJHOSHAYHOE COOTBeETCTBHEe. Cxembl B u C na3bi- 
BaloTCA QKBUBAJCHTHBIMM MPH JaHHOM COOTBETCTBHH Mex Ay MouocaMH,. 
€CJIM MPOBOLHMOCTH 3THX CX€M MexKAy NapaMM COOTBETCTBYIOULUX MOJOCOB OAH- 
HaKOBbl. YCJIOBHMCA TaK2%Ke CUMTATb IKBUBAJICHTHbIMH BCe OeCMOJIIOCHBIe CXEMBI. 

Ilycrb B u C — SKBUMBAaJIeCHTHBIe CxeMbI H B — nogcxema cxempl A. 3ame- 
HuM B A noycxemy 5 ua Cc yueroM COOTBeTCTBHA Mex ly HX Nosocamu. Ilomy- 
yeHHasd cxema A’ 9KBHBaJieHTHa A. ByfeM roBopuTb, YTO Mapa SKBUBAJICHTHBIX 
cxem B u C 3afaer culemyroulee DN paBuao B<e-->-C 9KBUBANeCHT 
HOTO MpeoOpas0BaHHA CXEM: 6 6CAKOLL Cxeme, codeprcauyett 
6 Kauecmée NodcxeMmbl cxemy, nonyxarowyroca us B Hekomopolm nepeumenoea- 
HUeM OYKE, MODCHO 9MY nNodcxemy 3AMeHUMb CxXemMOLL, noAayuarolwetica us C mem 
oe nepeumenosaHUuem OYKe, u HAaObopom. 

B [laJlbHeHWeM, CCIM He OFOBOPeHO MPOTHBHOe, PaCCMATPUBAIOTCA TOKO: 
lipaBHla Takoro TuMAa. 

Onpegeneunue. Ilycrs A u B—cxempl, Mexy NomocaMu KOTOpBIX 
YCTaHOBJI€HO HEKOTOPOe B3aHMHO-OJHOSHAUHOE COOTBETCTBHE, H MYCTh &% — TIpo- 
M3BOJIbHad CHCTeMa MIpaBuul. Cxembl Au B Ha3biBalOTCA® @-9 KBUBATeCHT- 
H bIMH MPH JaHHOM COOTBeETCTBHM MexKy NOMOCaMH, eCJIM C MOMOMIbIO Mpa- 
BUJI CHCTeMbI & MOXKHO NepeBectH A B B Tak, uTO KaxKbIH nomoc cxempr A 
MepexOAUT B COOTBETCTBYIOMIMH mMmosmoc cxempl B. 
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B JauibHeiiieM, TOBOps 06 o-3KBHBAaJICHTHOCTH 9KBMBaJICHTHBIX CX€M, MBI 
Beerya Oy#eM UMeTb B BH] o.-9KBMBaJICHTHOCTb M SKBHBAJICHTHOCTbh IPH OLHOM 
M TOM Ke COOTBETCTBHH Me@xKy MovOcaMH. 

PaccmorpuM cuctemy ¥, (2 >2) npapun 19—5°, 6° (puc. 1). Byzem 
HasbiBaTh SJIEMEHTAPHOH Wembio AwHHb n(n >2) cxemy, cocToamLyio 
M3 1 MOCJI€LOBATeIbHO COCMHEHHBIX KOHTAKTOB pa3JIHUHBbIX pele. Dnementap- 
Hble WeNH, OTJMUAIOMMecA pyr OT ApPyra JIMUIb NMOPAAKOM KOHTAaKTOB, BCerga 
MOryT ObITb MepeBeyeHbl OHA B Apyry!o C NOMOMIbIO NpaBusa 3°; rakue nenu 
Mbl He Oyfem pasmuyaTh. Amapntg{x,, %2, .2- » Xny X1y Xa, «+. , Xn} 060- 
3HauuM uepes bp. 


fs ° — ey uA z 2 = fom yy 
x Lz 
oa oS ca a AS) ° § 5 2 eX z <> Y 
7 a if “A 4 a G 
Pa oats ee of 7. = Pot LEE —> PS bade La ] 
Ey 
a Zp 
a ve ¥/ wh eee 
iS oa EOD, Un, 2 =~ (ott... Toy 
AY Y Ly coo Ly 


Ig 
ee aee. 
n —_ fe) 
Z, Zy-4 


Puc. 1. Ilomtoca o603HaueHbI KPyKKaMu; COOTBETCTBYIOINNe MOJOca saHy- 
MepOBaHbI OMMHAKOBbIMH U4HCaMH. CxemMbI B UpaBpuse 1° 6ecnomtocHEle; 
mpapaa yacts 19 — nyctan cxema 


Jlemma 1. Ilycmo I — anemenmapnan yeno Oaunot n;1,, In, ..., Ign— 
BCEBO3BMODICHbLE PAZAUUHOIE JACMeHMapHole yenu OAUHoL Nn HAO aagdaeumom By; 
T,, In, ..., Ign—1 — eceeosmoocnble pasruunole anemeHmapHole yenu OauHot 
n—1 Had andaeumom By\ {x1, x1}. Toeda npaeuaa I—V (puc. 2) seaa- 
tomcsa caeOcmeuem npaeua CucmeMoL ‘,,. 

IIpapusio V jaeT BO3MO2%xKHOCTbh mo6ylo cxemy Haw Bb, MepeBecTu B cxeMy, 
COCTaBJIEHHY!O U3 SJIEMeHTApHbIX Weneli Han 5,. Cxembl, NOJIyYeHHbIe TaKHM 
00pa30M H3 SKBMBaJICHTHBIX CXeM Hal, By, OKa3bIBACTCA BOSMO2XKHBIM TlepeBecTHu 
OMHY B Apyrylo NpaBpunamu I — IV. 

Onpeyenenue. I[lycth A—cxema wat Bp. KanounueckumM 


BU JOM cCxembl A MO MepeMeHHbIM X1, Xo,.-., Xp HA3bIBACTCA CXeMa C TEMH 
%Ke MomocamMu, uTo u A, MocrpoeHHad CIeAYIOWMM OOpa3oM: WIA KaxKoro 
HaOopa (s;, o:, ..-, On) HyJleH H CAMHMI MW KaxOH Mapbl pasIMUHbIX MOVIC- 


COB STH MOJIOCA COCMHCHEI POBHO OMHOM MWelbIO XS... xen, ECM MPOBO- 
TumocTb cxempl A MexKLY ITHMUM NomocamMu paBHa | pH x, = oy, X,=— Gy, ... 
...,Xn = On. OueBHHO, UTO KaHOHHMYeCKHH Bu cxemMbl A 92KBHBaJIeHTeH 
3TOH CXeMe. 

Jlemma 2. IIycme A—cxema, nonyueHHan u3 Hekomopoti cemu X same- 
Holl KancO0z20 us ee pebep (OOHOtt uU moti oe) 92emMeHMapHoli Yenoto HAO Bn. 
Toda sma cxema \,-9K6UCANEHMHA CB0CMY KAHOHU4eECKOMY BUdY No nepemeH- 
ei Ky, Kap VO, X4. 

Onpenmeaeunua. Ilycts A—cxema wat by IBJaAemMentTapunok 
ceTb1o cxembl A Ama HaGopa (01, og, ..., Sn) HAaSbIBACTCA CeTb, MOJyueH- 
Haan us A s3ameHol peOpamu Tex KOHTakTOB cxeMbl A, KOTOpPbIec 3aMKHYTHI 
MPU X= 61, X= %, ..., Xn =n, HM YANeHWeEM OCTAJIbHEIX KONTAKTOB vi 
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U30JIMPOBaHHbIX BHYTPeHHUX (T. €. He ABJIAIOUIMXCHA MOOCaMH) BepLInH. 
JnemeuTapHol cxemou cxempl A Da HaOopa (91, 92, +--+, Gn) Ha3bl- 
BaeTCA pe3yJIbTaT 3aMeHbI Kaxkoro peOpa s/leMeHTapHOH CeTH CXeMbI A qaqa 
aToro HaOopa SJIEMeCHTapHOM UWeMblO XoX5... xen. 

Jlemma 3. ITycme A—cxema Had By; A’ —cxema, noayteHHan CKAeU- 
ganuem 6 (coomeemcmeyrouux) nomocax ecex 2” anemeHMapHolX CXEM CXEMOL A. 
Tozda amu Oee Cxembl Y,-IKeUCANeEHMHOL. 


Jlemma 4. Ilycms A—cxema nad B,. To2da ona %,,-9K6UCANeCHMHA C60e- 


MY KQHOHULECKOMY BUOY NO NepeMeHHOLM Xy, Xg, .++ 4 Xn 
ee 
—=—=2 O 
ih 
/ 2 
I /; ae 
5) 
I 
We 
¥4 


Puc. 2. 


Teopema 1. JTycmp A u B— daKkeueanenmuole cxembl, KOHMaKMmbl KOMO- 
polx npuxadsnescam He Oonee 4em n pene. To2da ONU Y,,-aKeUBANEHMHOEL. 


Teopema 2. Cucmema 1°—5°, 11° c «npasunzom nodcmaxoskuy onucel- 
gaem 6Ce AKBUBANENMHbIE CXeMOL. 

B camo jlevie, s0Oble SKBMBaJIeHTHbIe CXeMbI {,-9KBUBaJICHTHbI MpH HeKO- 
TOpOM 71, a TpaBuJio & mpu sro6om n tomyuaetca u3 11° nyTem noxcTaHoB- 
KH «MeTJIM) BMeCTO KOHUWeBOrO pedpa. 


A 
fae 4 


Pue. 3. 
2. Onpeneneuue. Iycrs A—cxema nag 5p, XapakTepucTUuye- F 
ckoH PyHKUMeH cxembl A MO MepeMeHHBIM Xj, Xq, ... , X_ HasblBaeTcA § 
cyHKuna ff, (%1, X%, ... , X,), OMpesenenHHad Ha MHOxecTBe £, BepulMH ff 


€MHMYHOPO f-MepHoro KyOa, 3HaYeHHeE KOTOPOHM B BePIIHHEe (o1, og, ..., On) | 
paBHo p—é+k, rae p,é@é ukR—cooTBeTCTBeEHHO UNCJIa peOep, BeplIHH H | 
KOMIIOHEHT (T. €. M@KCHMaJIbHOe 4MCIO NMONapHO HeCOeAMHHMBIX IelbiO 
BepluMH) SJIeMeHTapHOH ceTu cxembl A MA HaGOpa (cj, 52, .--, Gn). 
IIpumep. Xapaktepucruyeckaa dbyHkuHA cxempl A (puc. 3) TOR ecTBeH- § 
HO paBHa 0; xXapakTepucTuyeckan dyHKIHA cxembl B paBHa O Bo Bcex Bep- | 
IMHax, 3a McKJHOVeHHeM (1, 1, ..., 1), rae ee 3HaveHHe paBHo |. 
Jlemma 5. Cxemot A u B (puc. 3) ne y,-9KeueaAeHMHOl. 
JlokasaTeaberTsBo. TlpeqnonoxumM mpoTrupHoe. Tak Kak A u BY 
Y,7 SKBUBAJICHTHEI, TO Nepepo, A B B npaBusamu Y, MOxxKeT ObITb Ocylle- | 
CTBJI€H TAK, YTO MpOMexKyTOUHbIe CXeMbl CyTb cxeMbI Hal 5,4. Nostromy | 
MOXKHO CUHTATb, YTO JA A, B u kaxpoi* npomexyTOuUHOH cxeMbl onpezese- } 
Ha XapakTepucTuyeckan (yHKUMA MO MepeMeHHBIM Xj, Xo, --- , Xn» Xai i 
IIpH MpHMeHeHHH NpaBuI CHCTeMbI Y, YETHOCTh CYMMbI 3HaueHHIi STO dyHK- | 
MM NO BCeM BepliMHaM E,,, He MeHseTca; y cxem xe A u B ata UeTHOCTD | 
passmuHa. 
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Teopema 3. J]ycme x—npouséorAbHaa KoHe4HaA cucmema npasua. 
yujecmeyiom aKeueaneHmnole cxemol A u B, ne sAeARIOWMUECA H-aKeUeAAeHM- 
lol MU. 

JlokasaTewbcTBo. Bce npapusma CHCTeMbI &% CyTb CJleACTBHA MpaBua 
, MPM HeKOTOpOM 7 (B CHsly TeopeMbI 1 3a N MOXHO MPHHATD MaKCHMAalIb- 
ioe UMCJIO MepeMeHHBIX B IpaBuslaX CHCTeMbI %). IKBHBaJIeHTHbIe cxembl A 
i B pwc. 3 B CHuy sleMMbI 5 He Y,-9KBMBaJICHTHbI, a 3HAUHT, HU He &-9KBH- 
AJIEHTHBI. 

A u B puc. 3—II-cxempr (1). [lostomy sce Il-cxempt Takxe He MOryT 
bITh ONMCaHbl KOHEYHOH cucTemol. M3BecTHO, TO C NpaBHJIOM MO<cTaHOBKH 
TO MOXKHO CjlelaTb, He BbIXOAA us Kylacca II-cxem. 

3. ByeM HasblpaTb jBe WeJlOUNCJIeHHble dyHKuuH Ha E, k-9KBUBA- 
ICHTHBIMH, CCIM OHY M3 HHX MOMAHO NepeBecTu B Apyrylo myTem mpu- 
JaBJIEHHH WH BbIUMTaHHH XapakTepHCTMueCKHX CyHKIHM k-MepHbIX rpaHeii 
moa Ep. 

Teopema 4. ITycme A u B— sKeueanenmnole cxema nad B, u l<n. 
oeda amu CxXeMbl Y,-aK6UCANEHMHEL 6 MOM U MONGKO 6 MoM CaYyXae, KO2da 
A(X Xa, +++ 5 %,)U fp (%1, Xe, -.., X,) (2 —1)-aKeueanenmnol. 

4. Cxema Ha3bIBaeTCH CHJIbHO CBA3SHOH, eCIM QA MOObIX JBYX Bep- 
WMH CX€Mbl CYILeCTByeT COCXHHAWILat HX Wenmb WH MOOOM KOHTAKT CXeMbI 
‘Oep2%KUTCAH B HEKOTOPOH WenH, coeluHsAIOWeH Mosoca. He Bce cxeMbI B Mpa- 
sMJlaX YY, CHJIbHO CBASHbI; Ooee Toro, Mpw MepeBowe pyr B Apyra WByx 


(,-SKBUBAJICHTHBIX CHJIbHO CBASHbIX CX€M C MOMOIIbIO NpaBu Y,, BooouIe 
‘OBOpA, Hewb3a H30e%KATb MOABJICHHA MPOMe2XyTOUHBIX HE CHJIbHO CBA3HbIX 
‘xem. [lycTb 5, — cHcTeMa, CocTosmad U3 MpaBu 3° — 5°, 7°— 9°, 102 (puc. 1). 
Bce CX€MbI CHCTEMbI 6, CHJIbHO CBA3HBI. 

Teopema 5. Ecau Oee cxembl %,-SKBUCQNCHMHOL UL CUAHO CeASHbL, MO 
HU Sy-IKBUBANEHINKL, Npuuem nepesod UX Opye 6 OpYyea npaeunamu cucme- 
bl Oo, moocem ObliNb ocyujecmejen MAK, umo ece npomercymounole Cxemol 
UAbHO C6ASHOL. 


Mockosckuit rocyfapcTBeHHbIH yHUBepcH TeT Ilocrynuvo 
um. M. B. Jlomonocosa 31 ITT 1959 


UHMTHPOBAHHASAVIMTEPAT YPA} 


1M. A. Tapp 4.20 .B, Teopua peneliHo-KoHTakTHBIX cxeM, M., 1950. ? C. B. A610 He 
-K Wii, Tp. Matem. uucr. um. B. A. Creknopa AH CCCP, 51, 5 (1958). 
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Jloxnaygn Akagemun Hayk CCCP 
1959. Tom 127, N 2 


MATEMATHKA} 


B. &. NAH 


HEKOTOPbIE CXEMbI JIA BbISHCJIEHHA MHOFOUJIEHOB 
C BEWJECTBEHHbIMH KOI®®HUMEHTAMU 


(ITpedcmaeaeno axademuxom C. JI. Co6onesoim 19 III 1959) 


B 3ameTKe mpelviarawoTcad JOCTaTOUHO SKOHOMHUYHbIe cmocoObl BBIMHCIE 
HHS MHorowtleHos P,,(x) CTeMeHH 1 C NPOHSBOJIbHbIMH BeULECTBEHHBIMH KO3(PcpHu fh 
WueHTaMH. Bprauucmenve BeleTCA MO CX€MaM, He 3aBHCAULMM OT X H COJepKall[HN 
TOMbKO apHdMetuyeckue onepannHH. M3 pador (*) usBeCTHO, YTO TaKHe CXEMEB 

n+1 “ © 
Bcerla coyepxKaT He MeHee 4YeM | , YMHOXKeHHH H JleeHHH WH He MeHetiE 
yeM n CJIOXKeHHH Hu BEIuHTAaHHH. [Ipeqmaraempie 3Jecb CXeMbI COJepxKaT NPU | 


nh A+ I o 4 | 
MepHO > OllepallHit YMHOXAKEHUA Hn OMepalluli CoOmKeHUA. Y Ka3aHHble onepallHtp 


TIPOW3BOAATCA Hall APryMeHTOM X, HEKOTOPBIMH Hallepefl 3aaHHbIMH BelllecTs 
BCHHbIMH TapaMeTpaMH, 3aBHCALIMMH JIMUIb OT KOS@PHIHeEHTOB 3aaHHOriy 
MHOroWIeHa, H UHCIaMH, MOJJYYeHHbIMH B pe3syJIbTaTe MpeMWIecTBOBAaBIIM |p 
onepalluit. 

CreqoBaTeIbHO, JO HadaJla BHIMHCJIeEHHH Hao HaHTH 3HaYeHHA STHX MapaMeT# 
pos. Omnako 3TO He ABJACTCA CYWIECTBEHHOH TPyHOCTbIO, KOra BbIUMCIeHHE 
OWHOrO H TOrO %Ke MHOFOWIeHa MHOFOKPaTHO MOBTOPsAeTCA. 

OrtmetuM, 4To B paOoTe (+) mpHBeyeHa CxeMa JIA BbIUMCJICHHA MHOTOWIeHOIE 
CTeNeHH N C MPOH3BOJIbHBIMH KOMIVICKCHBIMH KOS@PHUHeEHTAaMH, cosleprxKaltas|f 


Tn+1 5 is | 
| - ie yMHoxenuii u n-+ 1 caoxKeHMii, OHaKO mpHMeHeHHe ee Tash 


BbIYHCJIEHHA MHOFOWICHOB C BeleCTBEHHbIMH KOSPPHIMeHTaMH HeadctbeKTHBHO[E 
Tak KaK IIPHXOJHTCA MpPOH3BOLHTb ONepalHu Hal, BOOOUIe TOBOpA, KoMMueKce 
HBIMH UHCJIaMH. 
OcHoBHOH B paOoTe ABJIAeTCHA CuIeAyiollad JIeMMa. 
Jiemma 1. Kakosot 601 nu Oolau eetuecmeenHole uucna M, cy, Co, ..} 
+5 Cakti (Captiz0; R>1), eceeda moocno eol6pamb makoe eewecmeenHow 
4UCNO Cy, 4MO CpeOu KOpHett MHOeo4LAeHa 


4k+ 1 


Tea a > Op 


1=0 
Halidemca “embipe maKux, 4mo ux cymma paena M., 


JLokasatTeaberso. [lyctb quia mpocrort Cak4+1= 1. Toryja MoxkHO 3amncatT:f 
ok 

F (z) = (2 — 29 (¢,)) | (2 — 2)(€9)) (2 —2; ()), 
7—1 


* e 
re 2;(Cy) MU 2j(C)) ({=1, 2, ..., 2k)—opnosnauHpie u HeMpepbIB HBT ff 
KOMIWI€KCHbIe (pyHKWHH BeLIeCTBeHHOrO apryMeHTa Cos 2 (Co), 27 (Cy) 4 


- 2; (Co) (J=1, 2, ..., 2k)—ojHosHauHble uM HempeppiBHBle BelecTBeHHEI! 
VYHKWHH. 
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Hlanee, mpu seex j (lL<j< 2k) umeem 


1 1 
aki 
eye) i= Jeo. Ns (cy)|~ |e} mpu cp 00; 
lim argz;(cy) =— lim argzi(c.) =~: 
Mae g i ( 0) Pe Se: 5 7( o) 4k tan de? 
lim arg z; (c,) = — lim 2; (¢ A rae 
stewie S 2; (Co) ae 0) teak 
re m u l—wenpie uncna; —2k<m, 1< 2k. 
J{h HeKOTOPbIX P, HW P. HMeem 
lim arg Zp (Cy) = — lim: arg Zp, (Co) = ei 
Co —>— CO Cy—>—CO Pa 0 4k + Seed ’ 
limmare z. (c,) = lim larg 24 (co) = 
eslisy 8 po ( 0) pei S a ( 0) 4k aa 4 


Torga, KaK HeTpyHO MpoBpepuTb: ecu g=- pi, TO 


lim (2p, (Co) + 2p, (Co) + 29 (C0) + 24 (Co) = — 00; 


>—0o 


ec g = Pz, TO 
lim’ (Zp, (Co) + 2p, (Cy) -- 2g (Cp) 24 (Co) = +h 00: 


&)—>-++00 
Ecmu p,54P2, TO MOJOX%XUM B MePpBOM H3 3STHX COOTHOWEHHH g = Pz, BO 
BTOPOM g = P,. Ecum p, = Pe, TO OyeM CUHTATb, YTO Gg B OOOMX COOTHOLIe- 
HUAX IPHHUMaeT OHO H TO Ke 3HayeHHe. Tenepb JOcTaTOUHO BOCTOIb30- 
2 —* 
BaTbCA HeIMPePpbIBHOCTbIO HW BeIIeCTBEHHOCTbIO (PYHKUHH 2Z;(Co)-+ 2; (Co) pH 


Bcex j, H weMMa | jloKa3aHa. 
JIemma 2. Kakoeéol 601 xu 6otau CICS SLE ee: Crs Cama « 


-5 Carts (Carts 0; R>>0) manoeounena F (x) = ae cx’ u éeewecmeeHtoe 
1=0 
uucno M, eceeda moocHo é6ol6pamb makoe eewecmeeHHoe sHaveHUue Cy, “Mo 


Haudymca O6ea KopHa F(x), cymma Kkomopux paexa M. 

Tlyctb 2a MpocrorHl Carzg3 = 1. Torga F(x) MoxHO IpefCTaBuTb B TOM 
*Ke Buse, TO HB JIeMMe 1, TompKo j=1,2,..., 2k+ 1. Hanee, HerpyqHo 
NOWYYHTb, 4TO Hatipercn R+1 pa3nHuHbIX 3HayeHHH j, MIA KOTODPbIX 


lim (2; (Co) + Z; (C)) =+0co uk-+1 pasimunpix sHaveHH j, Ava KOTOPbIXx 


C—>-++00 


fal * 
lim (2; (€o) + 2; (¢o)) = — -. 
Cy—>—00 
Ho Tak Kak j MOT IPHHUMaTb BCero 2k+ 1 pa3MuHbIxX 3HaueHHH, TO 


JIA HeEKOTOPOTO 3HaYeHHA J CIIpaBe]JIMBbI o6a COOTHOIMeCHHA, YTO H WOKA3bI- 


BaeT sleMMy 2. 
Jlemma 3. Muozouren 


Pg (x) = Qyx* + a,x? + a,x? + Asx + ay 


C NPOUuseOAbHELMU éeetecmeenHoimu Koadgbutuenmamu eceeda moocem Obitno 
BoluucAen no cxeme (cm. (*)) 


Pa (x) = a {(g (x) + 2) (A(X) +s) +), 
ede g(x)=x(eth); AG) =e@+u NaF k= ON Gt 


+M42; ds =A —B—N N= Ohh 
3* 267 


Ilycrb Tenepb Tpe6yeTca BEIYHCJIMTb MHOPOWIeH 
n 
wi 
Preys dy arxr-4, ned. 
i=0 


fh 
Jina 9Toro mpeqmaraetcaA cvleyioulad cxema, cofepxkaliaa [=| +2 yMHO- 
*KeHuH H n+ 1 cnomKeHnUH: 


g(x) =x(X+); AX)=EX)+%, Pol) =; 


Ps (x) = ps1 (x) {(g (%) -+ Mas—s) (4 (%) -E Masa) 4 Mash <P asta (sssils Oe eaeye 


(1) 
AoPe (x) upu n= 4k-+1, 
AoXPr (X) + Rar+e mpu n= 4k + 2, 
fn) = Ay [Pr (X) ( (X) + Mak+e) > Mets] npu 2 = 4k + 3, 


AX [Pr (x) (g (Xx) + haete) + Marts] + Maega «=o pH n= 4k+ 4. 


n 


Teopema. [as @cakoeo mHoeouneHa Pp (x) = pa ajx"—! ¢ NpouseoAbHoLmu 
1=0 
CELUECMBEHHbLMU KOSGuyuenmamu (nN yenoe; NLD; Ay=-0) mosNO YKa3ZAMb 
makoll HAOOP BeUIECMBEHHOLX NapameMpos hy, ho,..-, Kn, “MO, NOOCMABAAA UX 
6 cxemy (1), noay4um sHaueHue P,(X) @ NpouseoAvHOL mMo4Ke x. 
TeopeMa ABJIAeTCA MpOcTbIM CuleacTBHeM siemM 1, 2 H 3. 
JlelicTBUuTesIbHO, KaKOBbI Obl HH ObWIM BeLMeCTBeHHbIe KOa:PHWHeHTbI MHOTO- 


4s+1 
WIeHa Ps (x) = Dy) axa! (Ss meyioe; “Ss > 2: ax{s) = 1), no semmam 1 u 3 
t-+0 
HaHAYTCA TaKHe BeWeECTBEHHbIe MWapaMeTPbl Ays—2, Ags—ry Aas» Mastay as), 
CAS eee Aes UI V9 
Ps—1 (X) = {( (X) + Aas—e2) (4 (X) + Aas) + has—a} Ps—a (4) + Mass, (2) 
4s—3 
PIG.) Dea x) — Dy a(s-D x42! : DAL) =x hy) h(x) =g@(x)+x; 
1) 
acti: Ay tte REE 5 
ee | —ZExh : 270 AoKxaspipaer Teopemy ji cay- 


yan n= 4k-+- 1. 
Hanee, emma 2 no3BoulseT cBecTH culyyal nm = 4k + 3 xk cayyaio n =4k-+ 1, 
y 


clelyeT TOMbKO TMOJOKUTH ee em 
Ln. (R11) aay 

Hakonel, chyyaw weTHOrO 7 CBOAATCH K y2Ke PaCCMOTPeHHBIM, ec MO- 
JIOKUTb Ay = Ap. 

tak, TeopemMa oKa3aua. 

Sameuauue |. Ormetum, TO AA BbIUMCIeCHHA MHOFOUIeHOB C BelllecrT- 
BeHHbIMH KOXpPHMHeHTaMH HaHOoJIee SKOHOMMUHbI B OTHOIWeCHHH UnCNa one- 
pallu M3 BCeX H3BeCTHbIX JO CHX Top CmeMytolllue CXeMbI: [Id MHOFOUICHOB 
cTeneHu 3 u HMxKe —cxemMa TopHepa; Id MHOrowIeHoOB cTeneHH 4— cxema, 
NpHBeeHHad B JIeMMe 2; [IA MHOTOWIeHOB cTelleHH 5 M BBIIe—cxema (1). 

Sameuanue 2 IIpaxruuecku s3aaua pa3bicKaHHA VCKOMBIX 3HayeHHit 
MapaMeTPOB hg, Ag,..., An CBOQMMTCA K OMNpeeseHHIO 3HAYCHHH dys, Ays—a, 
Mas» Mas-+1s CAS aed), net as), YHOBNETBOPAIOMIUX COOTHOMeHHIO (2). Ito 
MOXeT ObITb OCYIMeCTBJIeHO ByMA cnoco6amu. Ileppeii cnoco6 — cBemeHne 
Bolpoca O06 OTbICKaHHH MapaMeTpOB K pelleHHIO CHCTeMBI ypaBHenui. Bropokt 
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me 


cmocoG wencve3veT MeToy AGHA aIGIHCTEA JiemMpl 1. Menno, culeqyer no- 
CTpouTb rpadpuKu Re Zp, (Ays4i) w Ren, (Kasi) KaK (PYHKUMH OT Ays4;. Syecb 
Zp, Agsti) HW 2p, (Agst1) — KOPHH MHOrOWeHa Ps (2) — Aust, TIPHYeM 


lim (Re Zp, (Aasti) + Re Zp, (Mast1)) = + 00; 
Aasty>+oo 
lim (Re Zp, (Aas41) + Re Zp. (as-+1)) = — 005 


Agsty>—oo 


lim — (Im Zp, (Aast1) + Im Zp, (Aas41)) = 00. 
Aasty > 0 


OrMeTHM TakxKe, 4YTO npu n=7 6 cxeme (1) caedyem nonoocumo hy = 


4 — 6 y 
=a, 3 he pasno eewecmeeHHomy KOpHio Caedyrou4eed mHozo4uneHa 3-ti cme- 
0 

neHu: 

3 6—m 

O ( i! 

h —] epee hk Ores 2 ee 
2 6 on )Qg—m—i ), de Cr m! (i— m)!? 


1 a3 hg, = Og — AE — Ay — Dg Kg = Og — Aghs; 
mein see sais hy =——Kehs, 20 Gy = Di — hy — De} 
0 


a 


Og = — — Ohky — (2A, + 1)2Q3 xy = ee — Ugzhy — Aghg. 


SameuauHue 3. Jlemmpl | u 2 MoryT ObITb cHbHO O6OOmeHDI. MMenHo, 
cipaBelWIMBO CulIeqyiomee yTBepxk enue. 

ITycmb 3a0aHol npouseorbHole BewecméeeHHole uucaa M, Cy, Co,..., Ca U Ye- 
noe 4wucho m(O<mM< Nn; Ch 0), npusem: aub6o n= 2k, m= 21+ 1; aubo 
n=4k+1, m2, n—m=-2; aubo n=4k+ 3, 20e k u 1—uenoie. Toeda 
cywecmeyem maKoe BeLUECCMBEHHOE 4UCAO Co, “MO Cpedu KOpHeti mHOeounena 

fl 


WA.) == > cyx"—! natidemca m makux, umo ux cymma paeHa M. 
1=0 

Mbit He TIPpHBOLHM 3fleCb OKa3aTeJIbCTBA STO TeOPeMb!, 3alHCaHHOW B OO- 
WleM Bue, TaK KaK B 3aMeTKE HCMOJIb3Y!OTCA JIMUIb €€ “ACTHBIe cylyuaH. 

SameuauHue 4. HeckoubKo ycoBeplleHCTBOBaB MeTOJbI, C MOMOLIbIO KO- 
TOpbIX B padoTte (1) nponsBeeHa OWe€HKa MMHMMAJIbHOrTO UMCJIa HeEOOXOAMMbIX 
onepalluii, MOX%KHO JOKa3aTb, UTO CxXeMbl, NPUZOONoIE OANA BbILUCACHUA MHOZO- 

n 


uneHa P, (x) = > ajx"—! cmeneHu nf C NPOU3BOALHOIMU KOMNACKCHOLMU UAL 
7=0 

NPOUSBOACHELMU BeLUECMBEHHOIMU KOdGdqduyueHmamu, He sa6eucAujue om x U 

Codeprtaiuue AUIb apugmemuuecKue onepayuu, eceeda uCcnoABsytom He MeHee 


2 
OrMeTHM, TO LWIA MOKa3aTeJIbCTBa 2ZTOTO YTBeEpAKMeHUA CyIeyeT OTeJIbHO 
paccMaTpuBaTb cyly4av, Kora B CxXeMe leueHH HeT HM KOrfa eCTb XOTA Obl 
OHO JlevIeHve. 
Bpipaxaio OuarogqapHoctb A. I. Buryuikuny 3a mocTaHoBKy 3afauH u 
TIOMOLLb. 


n+14 5 
4uem | z [+1 ymMHooCeHU U Oenenutl. 


Mockosckult rocyapcTBeHHbIM YHHBepCcHTeT Tloerynuao 
um. M. B. JlomMonocoza 13 III 1959 


ILMTUPOBAHHAS JIMNTEPATYPA 
15,7, Beaara, JAH, 128, Ne 5'(1958). 


269 


Jloxzagmn Akayemun nayrx CCCP 
1959. Tom 127, Ne 2 


MATEMATHKA 


C. A. PYCAKOB 


O NOArPYNNAX CHJIbHO II-PASPELUMMbIX H 
CUJIbHO T-OTHEJIMMbIX FPYTIT 


(ITpedcmaeaneno axademuxom A. H. Maabyesom 1 IV 1959) 


§ 1. Kak usBecTHo, B O6uleM culyyae Teopema JlarpaHxKa O MOpAAKe nosArpyn- 
bl HeoOpatuma. Ilostomy BecbMa CYI[e€CTBEHHBIM ABJIA€TCA OTbICKaHHe TeX KJ1ac- 
COB KOHCYHBIX Fpynn, AIA KOTOPHIX OOpaTHMocTb Teopempbl JlarpaHxa HOO MOW- 
HOCTbIO HMeeT MECTO, JIH6OO BHINOMHAeTCA [IA ONpefeseHHOrTO Bua MemuTeNeK 
nopsyKa rpynnp. Baxkuple pesyJIbTaTbI B 3TOM HampaBJIeHHM Ob MOJy4eHbl 
C. A. Uynuxunpm (1°) un ®. Xosnom (§,°). B nocnequee Bpema Lanna (**) 
uw BTopuyHO Mak-Jleiinom (1°) 6puia MoKa3aHa OOpaTHMOCTb Teopempbl JlarpaHxKa 
JIA CHJIbHO paspemumplx rpynn. BpegenHoe C. A. UynuxunbimM moHATHe 
Il-cBolicTB rpyinbl MO3BOHIO eMy OMpeeHTb Ooslee WIHPOKHH KJIacc Tpynn, 4eM 
CHIbHO pa3pemmuMple,— cusbHO Il-pa3spemmmpie rpynnpi (°,’). 

B wacroaileli paOore uccmeqyeTca «HaCbIIeHHOCTb»y CHIbHO []-pa3peuiMMpIx 
rpynn nogsrpynnamu onpefemeHHoro Bua HU, B YaCTHOCTH, CYylecTBOBaHve 
y HHX XapakTepucTuyeckux mosrpynn. Kpome Toro, B pa6oTe NpHBOMTCA KpH- 
TepHH BBeJeHHOH aBTOpoM cuHsIbHOH Il-orfemMMocTH rpymnn. 

UacTHbIMH CJly¥aaMH MOJYYCHHBIX Pe3YJIbTATOB ABJAIOTCA TeopeMbI | u 2 
paGotur (1°), reopempr 1—3 pa6orn (11), HekoTopble yTBep»xKqeHHA TeopempE! | 
Bapa ((7%), erp. 183). 

B aibHelilieM Mbl HcnosIb3yeM pA O6O3HaYeHHH, BBeMeHHBIX C. A. Uyun- 
XHHbIM (°,19), 

§ 2. [Ipupegem ucnomp3syemble B paOoTe onpemeseHua u OOO03HAUeHUA: 
Il — HexoTopoe HelycToe MHOxKeCTBO TIpocTsix uncer; G@—KoneywHaa rpynma 
nlopayka (g) = mn, roe m>1—HanOomunk l-cunosckuh emtenb (°) mo- 
payxa g; Ild-rpynna—rpynma, nopsqoK KoTopoH emuTca Ha HekoTopoe p €II 
(cp. (*8)); nonoxuM py pH m> 1 paBHbiIM HanOoubUIemy MpocTomy JesMTemO 
yncla m, a upa m=1 nomoKxuM py=1; Torza up” m>1 nyctb m= 


= prpy’..- Pir, re p,>pP,>...>Pr—pasiMuHbIe MpocTbe emTenu 
yucsIa mM. 

Onpengeneuue 1. Ecam © coxepxut noxrpynnl Bcex nopaqkKoB Bua 
mn, The m;—UPOusBOJIbHIM WemTelb m, TO © naszozem Ilé-rpynnoin. 

Onpegenennue 2. Ecan sBeaxat nogrpynna § rpynnp © spaserca 
Ilé-rpynnoi, to © nasopem [JA-rpynnod. 

M3 nocuequero onpemesieHuA HemocpeCTBeHHO CylemyeT yTBepxKeHne: 

A. Besaxan nodepynna WA-epynne seasemca WA-epynnoti. 

Onpenesmeune 3. Tlycth § u &—yBe moOnle, ynopsqoueHHDIe moO 
BIOKEHHIO HK, XapakTepucTuyeckue Tosrpynubl rpynns ©, npuyem (§) = 
=mnj, The m;—HanOonmpuini U-cunopcxuh femrTesb nopayka §. Ecm 
Mexy § MU & cyllecTByioT NOApynMbl BceX BO3MOXHbIX MOPANKOB, Ne JAHX- 
ca Ha nj, TO @ nasopem IIA,-rpynuod. 

Onpegeseune 4. Ilycrs If]— uexoropoe nenycroe mHoxecTBO MpocTBIx 
uncea H © — HekoTopas KoHeuHad rpynua. Torga Mpl Ha3opem © cuambuo 
Il-orqeuuMOoH UM CHADHO OTMETHMOH OTHOCHTeEJbHO MHO- 
axecTBa II, ecm Kab ungeKc HekoTOporo HOpMasbHoro pala rpyun © 
WJIM COBC€M He Je@JIMTCA HH Ha OHO npocToe uncao u3 Il umm yenutca muub 
Ha NepBylO CTeMeHb TOJIbKO OAHOrO Kakoro-M60 MpocToro uucaa us II. 
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OuveBuHO, 4TO BCe FpyMNb, MOpaKH KOTOpbIX He JeATCA HA Ha OHO 
pocToe uvcio u3 il uM WenATCA JIMIlb Ha MepBylo CTeMeHb TOsbKO OHOrO 
poctoro uncna us II, orsocarca kK cHabHo II-orgqenmmpim rpynnam. 

Viz sToro onpeyeeHun Jerko Nomyyaerca yTBepxK enue: 

B. Ecau ©/§ u § cuaoxo Il-omdenumet, mo u & cuavno T-omdeauma. 

[IpuBeyem Tenepb NowyyeHHble Hamu pesysbTATHI. 

Teopema 1. Ecau © cuaono I-paspewuma, mo ona aeasnemca IL A-epyn- 
ol. 

Teopema 2: Ecau: «) © sasaserca A-rpynnot u 8) (p,!, n) = 1 
pynna © codepocum uneapuaxmuyio nodepynny nopadKa n. 

Teopema 3. Ecau: a) © seanemca (A-epynnoti u 8) (py!, n) =1, mo 
pynna & cuarexo I1-paspewuma. 

_ Teopema 4. Ecau @©—IlA-epynna u-m>1, mo & codepscum xapax- 
lepucmuueckyio nodepynny nopsxdKa p%ns, 20e Ns— HeKomupoe 4ucAo, OeA- 
yee n. 

Teopema 5. Ecau © cuaeno Il-paspewuma um>1, mo & codepotum 
apakmepucmuueckyto nodepynny nopxdKa p%ns, 20e Ns— HeKoMOpoe 4UCAO, 
easuee Nn. 

 Teopema 6. Ecau @—IIA-epynna u m>1, mo © das awboeo t = 
=1,2,..., r codepxcum xapaxkmepucmuueckyto nodepynny nopsdKa euda 
apse... pitts, 20 Ns— HeKoMopoe uUCAO, OenslYee N. 

 Teopema 7. Ecau © cuacuo I-paspeuwuma u m>1, mo & dan an- 
joe0 t=1,2,...,r codepacum xapakmepucmuueckyto nodepynny nopsdKa 
uda py'ps*... pitns, 20e Ns — HeKomMopoe uUCAC, OeantYee nN. 

V3 teopem 4 u 6 Bplrexaert: 

Teopema 8. Ecau @©—IlA-epynna u m>1, mo © umeem pad xapax- 
nepucmuueckux nodepynn GSD G,DG,_.D...D G,DG,DE c nocredoea- 
NeAbHOCMbIO UHOeKCOE P'N,, piles Wri leo (Pa thaw P ut, COCM Ins llr ah ome Tee 
1, 63QUMHO Npocmol Cc mM. 

V3 Teopem 5 u 7 caenyer: 

Teopema 9. Ecau © cuaono U-paspewmuma u m>1, mo & umeem pad 
‘apakmepucmuueckux nodepynn © D ©, D> G,_, D... D G, D ©, D E c nocaze- 
JosamenbHocmoto UNOeKCOe PrN, PT—Mp—4,+.., P2'Ne, Pi'My, 20@ Ny, Nya,--+ 
2, Me, fy 63AUMHO Npocmol c m. 

Teopema 10. Ecau © cunono U-paspewuma, mo © seasemca WA,-epyn- 
10tl 


, mo 


1° 


Teopema 11. Ecau: a) © seaaemca WA,-epynnott u 8) (py!, n)=1, 
no epynna © codepocum uxneapuaxmxHyio nodepynny nopsOKa n. 

Teopema 12. Ecau: a) @ séeasnemca WA, epynnoti u B) (p,!, n) =1, 
no epynna & cuaneno I1-pa3pewuma. 

Teopema 13. Ecau & cuaono II-paspewumaum> 1, mo écakas makcu- 
a nodepynna, nopsd0oK Komopotl Oeaumca Ha n, uUmeem npocmoti uK- 
exc 6 &, npunadsencamui II. 

Teopema 14. Ecau: «) © seanemca I18-epynnoti, 8) © codepoeum nod- 
pynny nopa0Ka m uy) n<p, npum>1, mo & cusono I-omdeauma. 


BenopycckHit HHCTHTYT Tlocrynuao 
HH2KCHEPOB 2KeNe3HOAOPORHOFO TPaHciopta 2TAIVA959 
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JyHuxuu, Martem. cOopu., 25 (67), 321 (1949). 7C. A. Uynuxun, JAH, 55, Ne6 
481 (1947). ® Ph. Hall, J. London Math. Soc., 12, 198 (1937). ® Ph. Hall, Proc. 
London Math. Soc., (3), 6, 286 (1956). 19D. MacLain, Proc. Cambr. Phil. Soc., 53, 
2, 278 (1957). 3G. Zappa, Rend. Sem. Mat. Roma, 4, 2, 323 (1938). fe be aeeniy 
Hinois J. Math., 1, Ne 2, 115 (1957). 33C. A. Uyuuxun, Marem. cOopu., 4 (46), 3, 521 
1938). 24G. Zappa, DukeMath. J.,6, 511 (1940). 
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Jlorxagm Axkangemun nayxk CCCP 
1959. Tom 127, Ns 2 


MATEMATHKA| 


C. C. PbIWIKOB 


O k-PETYJISPHbIX BJIOKEHHAX 
(IIpedcmasaeno axademuxom IT. C. Anekcaxdpoeeim 2 IV 1959) 


N 
Tloymuoxectso A sBKuMyoBa N-mMepHoro mpoctpaHcTtBa E” Ha3biBaeTca 
k-pery JApPHbIM, ec HHkaKue k + 2 ToUeK STOTO NOAMHOMECTBA He JeKAaT 


7) o iN 
HH B Kakoli k-MepHoli nuocKkocru. TomeomopdxHoe oToOpaxenue f:F +E 


N 
KoMMakTa F B mpocrpaHcTso E” Ha3pipaeTca k-pery IAPHbIM BO Ke HHEM, 
eculd MHOxKecTBO f(F) sBuAeTCA k-peryJApHbIM MOJMHOXECTBOM MpocTpaH- |} 


ctpa EN, 

Tlonsatue k-perysapHoctu BpefmeHo K. Bopcykom (1,7), um xe (1) Obit 
NOCTaBJIeH BOMpoc, B IBKJIMAOBO MpocTpaHcTBO KaKOM HaHMeHbUIeH pa3Mep- 
Hoctu N moxeT OpiTb k-peryJIApHO BJIOX%KeH JOOOM N-MepHbIM KOMMAaKT, H OBLIO: 
BbICKa3aHO Mpesmosomwenne, uTO N = 2n-+k. [leppeti u3 sTHxX BOMpOCcOB Obl 
paspemien B. TI. Bosrauckum (3), KoTopblii NoKa3a, YTO MHOmKecTBO k-pery- 
JIAPHbIX BJIOXReHUM JOOOTO N-MepHoro KoMNaKkTa F B SBKJIMOBO MpocTpaHcTBO. 
BN BCIOAy MJIOTHO B NpocTpaHcTBe oToOpaxKeHul fick SEs mpH N’ >nk+} 
+n-+k, B TO BpeMA Kak MpocTpaHcTBO E™’ pw N’< nk + n-+ k stu cpolt- 
CTBOM He OOslajaeT. 13 padotpt (?) oveBHAHO culemyeT ONeHKa N<nk +n-+f 
+k, HO omeHoK uncuia N cHu3y TaM HeT. 3yecb MbI OWeHHM uncIO N cHusy } 
Wid JlOCTATOUHO WMpoKOrTO KJlacca KOMMAaKTOB, 4M, B acTHOCTH, OyzeT 
onpopeprHyta runotesa Bopcyka N = 2n-+ k. 

Has0Bem TouKy %, NpHHaviexkalllyio N-MepHOMY KOMMakTy, TOUKOH pa3-| 
Me€PHOH NOAHOMCHHOCTH, eC WA MOOOK ee OKpecTHOCTH Ox HalieTca 
N-MepHbI Pa3MepHO MOJHOMeHHbIN (cM., HanpuMmep, (*)), Komnaxt ©, cojep-| 
maulMica B Ox, 


Teopema. Ecau komnakm F pasmepHhocmu n, umeroujuti [S| mMOUeK | 


pasmepnoli noanoyennocmu, eaoosicen k-peeyaapHo @ npocmpaucmeo E™, mo} 
umeem mecmo Hepaeericmeo 
Rk k 
v= [ete]. 


B foka3aTevIbCTBe Mbl PaCCMOTPHM TOJIbKO culyyali HeyeTHOrO k (qua ver-| 
Horo k lOKa3aTeIbCTBO aHaJIOruuHO). 

Virak, nycTb cymlecTByeT k-peryiapHoe Buiomenne f: F>EY, roe k=! 
= 21+ 1. O6o3HauiM TOUKH pasMepHOli MomHOWeHHOCTH KoMMaKTa F yepe3| 
Qo, 4;,...,@,. Bpiepem cucTemMy momapHoO HeMepeceKalomluxca oKpecTHoctTeli } 
9THX TOURK WH B KaxKOH OKpecTHOCTH Oa; BEIGepeM pa3MepHO NOsMHOLe HHI | 
KommakT ©;. PaccMoTpHM jlauiee OTKPbITbIe CHMINVIEKCHI (Xp, X1,...,X7) © Bep-| 
IWHHAMH Xo, X1,...,%X7, Te x;€@M;. Ovepuyuo, uTo HuKakve Ba H3 ynoma- | 
HYTbIX CHMIVI€KCOB He NepecekaloTca (MHaYe B UX JMHeMHO OOoNOUKe, uMeIO-| 
keh pasMepHocTh 2/—m, sexKas0 Obi 21-++ 2—m Touex, uTo mpoTuBopeyT} 
R-peryAAPHOCTH BJIOKEHUA; 3eCb M— 4NCIO OOMIMX BepIIMH paccMaTpuBae-} 
MbIX CHMIJI€KCOB). | 
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Tockombky HUKaKHe [Ba CHMMIeKca M3 paccCMaTpuBaeMOli CHCTeMBI He 
mepecekaloTcH, TO OObeAMHeEHHe BCeX 9THX CHMMIeKCOB (paccMaTpHBaeMbIx 
KaK TOYEYHbIE MHO2KECTBA) rOMeOMOp*HO MHOxecTBy P = OyxM,x...* OX 


x Te rye pee OTKpbITbIi /-MepHbI cummuekc. M3 cKa3aHHoro ACHO, ITO 
N>dimP =n(l+1)+1= [AS |n+[$I. 


Sameuauue. Tlonyyenuaa oueHka uncaa N npespocxoxuT rumoreruye- 
Cky!0 OleHKy, WaHHy1o BopcyKoM B cvleqytoulHx cuyuasnx: 


mnphHk=5 nu kR=6 Zan n> 3; 
npu Sih an ok= 8 pant ia> 2; 
nipu k>9 mia n>. 


CaefeTrsBue. Hukakol n-MepHplli moumagp (B yacTHOCTH, -MepHbIit Ky6) 

He MOXeT ObiTb k-peryJIAPHO BJIORKeH B IBKJIMJOBO MpOCTpaHCTBO pa3MepHOCTH 
& k+1 k 
MeHbINeH, YM [+ |e+ [=| ; 

VintepecHO OTMETHTb, UTO Id f-MepHoro Ky6a 3Ta OeHKa TPHBHabHO 
TOUHAa B CJIeyOulMx culyyanix: a) mph R=1 u «sod0mM n (romeomopdHoe 
BlowkeHve E”->E"); 6) npn R= 2 u mo6om n (BnomwKeHue f-MepHoH nomy- 
ccepbl B (7 -+ 1)-mMepHoe pocTpaHcTBo); B) npH m=1 u mW60m k (cyulect- 
ByeT k-perysapHoe ByIOxKeHHe OTpesKa B k-MepHoe mpoctpaxcrTso (1,”)). OnHako 
yxe BONpoc O CYLLeCTBOBaHHU 3-perysIApHOrO BJOXKeHUA KBalpata B 5-MepHoe 
MIpOCTpaHCTBO OCcTaeTCA OTKPbITHIM. (B 4-MepHoe BJIOXKUTb HeIb384—9TO cuJe- 
WkyeT 43 HallvX pe3yJIbTaTOB, B 6-MepHOe MOKHO, cM. (*).) 


Ilocrynuao 


MockoscKHit TEKCTHJIbHBIM 
2 IV 1959 


MHCTHTYT 


WUMTHMPOBAHHAH JIMTEPATYPA 
1K. Bopcyk, Tp. III Bcecotosy. marem. cbesga, 4, 1959. 2 K. Borsuk, Bull. 


Acad. Sc. Pol., 5, Ne 4, 351 (1957). ° B. T. Boatauekut, Wan. AH CCCP, cep. matem., 
Ne 5 (1959). *B.T.BoataucKkunh, JAH, 67, Ne 5, 773 (1949). 
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Jlokxnagn Arkagemuu wayKk CCCP 
1959. Tom 127, Ne 2 


MATEMATHKA 


T. b. COJIOMAK 


PEWMEHHE MEPBOM KPAEBOM 3AJAUN JVI) KBA3SHJIMHEMHbIX 
YPABHEHHMA 3JJIJIMNTHUYECKOLO THNA, COAEP)KALIUX 
CTENEHHbBIE HEJIAHEHHOCTH 


(IIpedcmaeaeno axademuxom B. H. Cmupxoeoim 16 III 1959) 


B paOoTe paccMaTpHBaIOTCA - KBa3HJIMHeHHble ypaBHeHHA 9JIVIMNTHYeCKOrO 
THMa 


tue - (ai (Xj. 4s P,)) +8 (He Us B,) = F(%2) (1) 
(p; = Rah eae a;(x;, 0, 0) = 6 (x;, 0, 0) =0) 


B KOHeYHOH OOmacTH Q2 m-MepHOroO 9SBKJMOBa MpocTpaHcTBa, OrpaHvyeHHOH 
WBaxk{bl Tiakko rpanuuen TI, B mpeyqnomowKenuu, uTO KoOsppuWHeHTH! ypaB- 
Henua (1) cofepxaT cTenmeHHble HeHHeHHOCTH (a;, 6b cuNTaeM HeMpepbiBHO 
juddbepeHiMpyeMbIMH MO BCeM apryMeHTam). 

B csyuae, Kora ypaBHenve (1) aBaaseTca ypaBHeHHeM Oinepa JIA HeKO- 
TOpOrO NOJOKUTeIbHOrO CbyHKUHOHAaIa, CyUeCTBOBAaHHe OOOOMeHHOrO pellleHHA 


0 
BapHalMonHo 3anaun B Kslacce W,(Q) Ono foKasano Moppu (2); O. A. Jla- 
JIbOKeHCKand JoKa3aua (*), UTO 9TO pelleHHe HMeeT OOOOULeEHHbIe BTOpbIe Mpou3- 
BOHbIC, MOUTH BCIOAY yOBJeTBOpseT ypaBHeHHio Oiiepa MU AIA Hero orpa- 
HMYeH HHTerpall 


(DHE), ao2 (M=Ye). 
Q Z 


B jaHHoH paOoTe oKa3biBaeTCA, YTO TeOpeMa CYULeECTBOBAHUA WH eHHCT- 
BCHHOCTH PelIeHHA MepBOH OMHOPOMHOM KpaeBOl 3aa4qH, a Tak»Ke orpaHHyeH- 
HOCTb MHTerpasia 


|r + al + WH (sega) do! 


Q’ 


MPH COOTBETCTBYIONLAX NMpeANOMOKeHUAX (TeopeMa 2) CipaBeAMMBH! AA MOODIX 
ypaBHenuit Bua (1) (Q’— mo6as BHyTpeHHad NoORObacTbh 2). 

Ecam >Ke aHHoe ypaBHeHHe ABJIAeTCA ypaBHeHueM Oiimepa, TO pemleHue 
YAOBNeTBOpAeT Oovlee CHJIbHOMY HepaBeHCTBy 


\ ak aed oAce - 3 (sear, ) 22 SCPE, cy (2) 
Lema 


Q 


§ 1. Teopema 1. Iycmo Kosgduyuenmet ypaenenuan (1) ydoeremeoparom 
YCAOBUAM: 


1, dai (xj, Uu, P;) De Yon n>2. 


Ds oe “(ai (<a, Up) tt] Sal = Ei aa ee 
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Oa; (X,, U, Pp ie La 
3; mao OWI Bingen 
0a; (Xp, Uu, Pp) Ob (Xp, U, Pp) n—2 n— 


a ip Ob (Xp, U, i n— 
eee py Vhs yet eee | oe 


K saeucum om C, u a). 


Toeda npu PEL n (Q) cywecmeyem eduxcmeennoe ob06weHHoe pewwenue 
n—-1 


0 
€W7(Q) sadauu ' 
| fu=f, ul, =9, (I) 
: OAH He2eo umeem mectno OUeEHKA 
| u het (Q) SN Cy | i oe 


n—l 


. 
| (Q) 

| 

 Sameuaunue |. OGo6uleHHoe peieHHe MOHMMaeTCA B CMBICIe YOBseT- 
OpeHHA HHTerpaJIbHOMYy TOK ecTBy 


Dh an HA) ee 


£2 Q 


| 0 
pu mo6oli DEW; (Q). 
 Sameuaune 2. Ecau ypapuenne (1) umMeeT Buy 


0 9. 
So re 46 (xy u) =f (xd, 


n—2 


0 B ycnoBuax 2, 3 Teopempi | cmemyer cmaraemoe |u| ONYCTHTb, yCJIO- 
ua 1, 4 oT6pocuTb *, a 5 3aMeHUTb CJIeLYIOWNM: 
as 0b (x;, u 

CR he eae 

Teopema 2. IIycme Koadduyuenmot ypaenenua (1) ydoeremeopsiom 
ycnoeunm 1—5 meopemol 1 u ycaroéuto 

0’a a’b hee ate ba 

6. [+ [FE | <cr tt jul +) 
0’a; / OX1 — 4ACNHAA NPOU3ZBOOHAA Q;, 63MAA MOALKO NO ApeymenNmyY xX,). 

Tozda npu fF EL, (Q) Onn o606iweHnoeo pewenun sadauu (1) 6 azbot eHym- 
eHHeL nodobaacmu 2’ cnpaeednueo Hepaeencmeéeo 


n 


n—1 
Lr" + [ul + OD (eax) 22 Gli o tll gy 
.. ai 

1 ypaenenue (1) yOoeremeopsemca noumu ecrody. 

KoporKo HaMeTHM XO, JOKa3aTeIbcTBa TeopeM | u 2. 

JloKa3aTeJIbcTBO CYIIE€CTBOBAHUA PpeleHHA MpOBOAHTCA MeTOLOM MpoLos- 
KeHHA MO Mapametpy. PemaetTca BcMoMoraTeJIbHaA 3afaya 


— Au +(2u 4+ Au) =f; u|, = 0, O<AI. (Ih) 


TIpu n=2 cytlecTBopaHue pelienua sagaun (I,) nomyyaeTca MeTOJOM 
“KATBIX OTOOpaxeHui. B 9TOM cJly4yae MpeANOsORKeHHA O PaKOCTH rpaHuliel 
foryT ObITb CHATHI. 


* Ycnosue 1 B 9TOM cy4ae ceayeT H3 ycnoBus 2. 
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Tlycrh n> 2. Tipu gocrarouno MavbIx } CyllecTBOBaHHve pellieHHa IPH 
rslalKoi rpaHuue HM rulayKoH mpaBoi yacta yoxasano A. 1. Komenesbim 6 
Tak Kak pellleHHe MOHHMaeTCA B CMBICJIe WHTerpasbHOrO TO*RMecTBAa, TO Play 
KOCTb TIpaBOH wacTH HecyllecTBeHHa. 

TlpeznooxKUuM, YTO Mp HeEKOTOPOM Ay > ho > O 3aqaua paspelluma; Tpe- 
Oyercah LoKa3aTb, YTO OHA pa3spelWmMMa HU MpH A=Ay-+ Ag, eC hy ocTa- 
TOUHO MaJIO (H€3aBHCHMO OT Aj). 

Tlepenumem 3agauy (Ip,42,) B Bue 


Xr \2 
— Au +2 (Yu-+ Au) => I Au, “ul. =0 (Tht aay 


H OyeM pewlaTb e€ MeTOJOM MOCJeOBAaTeJIbHbIX npHOsm2xKe HHH: 


MY 


== Aug ae hy (Yur Sits Aug) rr i es 


Ro ae 
i en Auz—-1; Up Ir == (Qe 


0 
71 
TlocmeqopaTebHocTh {tz} CHJIbHO cxogquTca B W,(Q) uw orpaHMueHa B 
0 0 
rr . 
W,(Q); Toryqa ona cHIbHO cxoguTca B uOGOM W,. (2) (n—e> 2). 
0 


IIpenembHaa dbyHKWMA STOH MOCMeLOBATeIbHOCTH MpHHaIexKUT Wr(Q) wu 
ABJIAeTCA OOOOUIEHHbDIM pelieHHeM 3ayayuu (Iy,+2,). 

OcHOBHy!O 4aCTb JOKa3aTeJIbCTBa TeOpeMbI 2 COCTaBJIAeT NOJyYeHHe OLeH- 
Ku (3). IIpH sToM Mbt ceqyem pa6ote O. A. JlanpnxencKoli (?). 


PaccmMoTpuM HHTer pad 
a0 
\ 2u(—Y se bp,)) a2. (4) 
2 hay? , 

BpiOupaem dyHKuHto € cmenyromluM o6pa3om: € — HeOTpHllaTeJIbHas, Helpe- 
pbIBHO AudpepenHuMpyeMad (PyHKWMA, paBHaA eMHHWe B HeEKOTOPOH CUKCHPO- 
BaHHOH NogodmactH Q,, Hyso B horpaHuuHOH Mooce HU Takax, 4TO 

1 / OC Nie S 


Boilesisem B (4) ruiaBHble WWJIeHBI: 


ae Caz: 6 : 
ilo 


NocJié WByYKpaTHOTO HHTe€rpHpOBaHNA MO YWaCTAHM TlOJIyuaeM UMHTerpail 


1 ¢ 0a; @ 
Q 


l, 


M OW€HHBaeM B HEM C MOMOUIbIO ycuOBHA 2 CyMMY, coOflepxKanly!o mpoH3 
BeJeHHe BTOPbIX MpOH3BOAHbIX. Bce octTa/buble cularaeMple B (4) oleHHBaeM 
CBepxy, NOJIb3yxaicb ycoBuaMH 3—6. IIpu sTOM TouJyyaem HepaBeHcTBO 


n 


\e(re* + a+ 1) (seg | AP SCI iB + CME cay 


2 z, | 
KOTOpOe HW MpHBOAUT K oOlleHKe (3). 
§ 2. IIpeynonoxuM Tenepb, uTO paccMaTpuBaemoe ypaBHeHHe eCTb ypaB- 


HeHve Olisepa WA HeKoTOporo (byHkWMoHava \ Pi (aeeey p,) dQ: 


a—D 


0) 7 0F OF ) 
1 aa oo aa 6 


Orga OHO MOET ObITbh 3amHcaHoO B Bulle: 


ay 
2 uu = — d= (Dyayp, + cu) +b =F (xi), (6) 
| , Ox; ; j 
rye 
wal = Ajj (Xr, Uu, Pps Cr Ci (Xe, Uu, P.)s b= b (Xp, Uu, De) b (Xe, 0, Oe 0; 
Oa;, Oa; (7) 
ee aes, SRE 
aij = Aji, Op, = Op; . 


Teopema 3. I[Iycmo. Koadduyuermot ypaenexua (6) ydoesemeoparom 
ecem YCACBUAM mMeopemol 2 U YCACBUAM: 


7. 0, (T° 7+ [uy + Lt <> @y (Mey ty Pg) titi —Gy(T” "+ |u|? 
j = 


+1) df. 
| 0’a; 0a; ; Bee eS 
} 


Tozda Oax o606uwjenHO20 peuleHua 3ada4u 
{fu =f, uj, = 90 npu f € Le (2) 


cnpasednueo Hepaeexcmeo (2). 
SameuauHnue 3. Ycnopua 7 u 8 ABAAIOTCA He3HAUHTeJIbHbIM bese Se 
yenoBHuH 2, 3, 4 u 6. Oro BbI3BaHO CNelMaJIbHbIM BHOM BbIpakeHua 2 \u 
JloxasatenpetBo TeopeMbl 3 OCHOBaHO Ha OeHKe MHTerpasia 


\ 2 iu: oa Akt aoe ae dQ, 


|KOTOPad MpOBOAMTCA aHaJIOrHYHO TOMY, KaK 9TO CesaHO B JIMHeHHOM culyyae 
(QO. A. Jlaqpoxencxoit (4). 
Cmnaraemoe, cofleprKalliee TulaBHble YJIeHbI 


\ x dx, (Qj P; + ei) 2s Ons 3505 ee dQ, 


Q4 4 


WHTerpupyeM mo uacTaM, TlepeHoca reaunaennpieseene Ha BTOpOH MHOXKH- 
Teb. IlonyyenHbld pH 9TOM HHTerpadl, B KOTOPbIM BXOAAT TpeTbH Mpous- 
BOJ\HbIe, O€peM BHOBb TIO YaCTAM, H UJieH 


<a (6) O2u 
3 Ox, (QijP; -h Cjtt) Api dx, Ox, Ox, dQ, 


Q 41,8, 1 


OWeHMBaeM CHH3Y C MOMOLIbIO ycuoBHH 2 u 7. CymMma jByX OCTaBINHXcA 
OObeEMHDIX HHTerpasloB, COMepKallHX MpOWSBeeHHe BTOPHIX MPOH3BOAHHIX, 
TOK AeCTBEHHA HyJO B CHU (7). 

Jl OWeHKH TpaHHYHbIX HHTerpaJOB BbIPaxkaeM BTOPbie MpOW3BOHBIe 10 
KaCaTeJIbHbIM HallpaBJIeHHAM K TpaHMe vepes NepBble MpOHsBOAHbIe MO HOp- 
MaJu. 


JleHHHTpayCkHii MH2KeHEp HO-CTPoOuTeJbHBI Ilocrynuao 
HHCTHTYT 11 III 1959 


HWMTHPOBAHHAA JIMTEPATYPA 


oe 5, Nor re v. wunty. allie Publewatien Noo. 1,1 (1943),- *O, “A. dT aan Be 
*xeHCKas, JIAH, 120, Ne 5, 956 (1958), 3 A. U1. Komeses, Ycn. maTem. Hayk, 13, 
B. 4 (82), 29 (1958). 40. A. JlagprxeuHckKasa, CmMeulanHaa saqaua qua ranepoonnue- 
cKoro ypapHeHua, M., 1953. 
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Jlokxnagn Akayemun nayx CCCP 
1959. Tom 127, Ne 2 


MATEMATHK, 


K. C. CLUMJIAPA 


O PACIIPOCTPAHEHHH TEOPEMbI ®ATY HA OJIHH KJIACC 
HEMPEPbIBHbIX OTOBPA)KEHUM 


(IIpedcmasaeno axademuxom H. H. Bexya 2 IV 1959) 


Ilemb STO 3aMeTKH — COOOMMTb O TeopeMe THMa Marty Avia GOonee WMpoKOr 
Kylacca, 4eM KJlacc aHamMTHYeCKHX tbyHKuMH. Men ee RoKa3aTesIbcTBa MCXOJH 
oT Kapareoopu, KoTopbili NpHMeHsAJI ee B TEOpPHH KOHPOPMHbIX OTOOpaxeHnii (1) 

PaccmotpuM (BooOule HeaHamMTHYecKyO) (yuku € = f(z) KoMNMeKCHOr 
llepemenHoro z= x-+ iy. [[peqnomaraem, uro f(z) = u(x, y) + iv(x, y) onHC 
3HauHa B HeKOTOPOM KOUbUe 7y;<|z|<1 B z-MuOcKocTH MW 4TO UAaCTHI} 
MIPpOW3BOJHbIe Uy, Uy, Ux, Uy AEHCTBUTCIbHOM HM MHMMOM UacTel f (Zz) HempepbIBHB! 

Teopema. I/ycmo @o6aacmu E z2-naockocmu (2 = re®), 3adaHHoli Hepa} 
BEHCMBAMU 9, < O<%, frr< 1, 6olNoAHEHOL caedyrouue YCAOBUA ONA Gbynk 
yuu f (z): 

I.€ = f (2) ocywecmeasem AoKaAbHO BHYmMpeHHee OMOb pasteHue mHOoCecmea Ef 
npuiem amo omoOpasteHue B3QUMHO-OOHOSHALHO 6 HeKOMOpOli oKpecmHocmil 
Kanc0ot mouku z€ E (20KaAbHO OOHOAUCMHO), KPOMe, moocem Oolmo, HeKOMOpoe 
KOHE4UHO2O UAU CueMHOZO MHODCeCMeAa mMoueK, HE UMerOLecO MOUKU CeYytMeHU.? 
exympu E. 


II. Cywecmeyem unmeepaa Ig = \ \ V |D(x, y)| dx dy < co (30ecb D (x, y) a 
E | 


AKOOUAK OMmobpankeHuA U= U(x, Y), U=V(x, y)). 
III. Cywecmeyem koncmaxma C, 1>>C>0, maxaa, umo @ mouxax zi 
odnoaucmaocmu lim inf BnSo— Sel 
e>0 max | Co ‘ra iar | 

mekytweli mouku 2 Ha oKpYyotHOcmU |Z —z| =p). 
Y meepocdaem, umo e npednoaostenusax 1, II wu II cyuyecmeyem lim f (rev) Oa} 


aval 


> C (s0ecb C — 06 pas mouxu zo; ¢ — o6 pal 


noumu 6Cex 3HAa4eHUL DY (0, << 9 < 2). 

JLokasaTeJbcTBo. B kayecTBe BCNOMOraTeJIbHOM TeOpeMbI Mosb3yeMc| 
U3BeCTHOH Teopemon Benno Jlesu: 

Beskad BospacTaiollad NOCJeOBaTeIbHOCTh (yHKWMK {h,(x)} WevicTBUTeTE 
HOrO MepeMeHHOTO X, CyYMMHPyeMbIX B HeEKOTOPOM UHTepBavie (a, b), uHTerpam| 
KOTOPbIX PaBHOMEPHO OrpaHHYeHbl, CXOAUTCA NOUTH BCIORY K HeKOTOPOH cyM} 
MupyeMol (yHKUMM, M MHTerpad Mpeseda Takoli mMocweqoBaTeJbHOCTH paBe| 
mpefemy uHTerpasoB Ay, (x) (cM., Hanpumep, (7), cTp. 44). 

OTy TeopeMy MpHMeHuM kK CeMeliCTBY HeMpepbIBHLIX (yHKIMi OT 9, T. € 
K ceMelCTBY S(f;, 7, 9). Smecb S(f1, 7, Y) OSHAYAeT JMHY AyrM KPHBOH B nc 
ckocTu ¢ — o6pa3a oTpeska [,, 7] Ha syye ¢ = const B MulocKocTH z; napamerTp | 
He fIpepbIBeH. | 

Jlajiee Moub3yemca CuJleyiomeH SJIeMeHTapHOH semMoii ((°), cTp. 6). 

Jlemma. Ilycmo 6 noayunmepeéane [a, b) OeticmeumeavHoeo nepemennoeo | 
3a0aHa Henpepolenan KOomNaeKcnan qynkyun C=Z(r) u nycmo Oaa ecel 
lo, Ao KH, cyupecmeyem Oauna L (ro) Oyeu Kpueod — omob6paskenua ompe3sk:| 
[@, ro] @yaxyuet © = Z(r) Ha naockocme ©. Ecau cywecmeyem Koneunan bepxHA, 
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epanuya mHootecmea beauiun L (fo), mo cytuecmeyem makoice KoHe4Holli npeder 
lim Z (79). 
Tob 

PaccMoTpHM MHoxecTBO £ MH MoKaxKeM, TO M3 Npexnonomenun I, Il u III 
culeyyeT, YTO cyllecTByeT KOHCTaHTa B > O tTaKas, uTO 


Pe 


0<\ Sra Ty eye <i orias 
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O6osHayuM uepes F, nuomaqb OOpa3a B muiocKoctu € Kpyra |z—%|<p 
B MulocKocTu z. YcHo, uro [min|€)—¢,|]?x<F,, otkyja 


- min Oe 4 1 : 
pall leliat Ae ie (1) 


B mo60H TOUKe OMHOJIMCTHOCTH 2, & a WIA 3afaHHOTO CKOJIb YrOAHO MaJoro 
uucia 6 > 0 MOKHO HaliTH py = py (5) >O0 Takoe, 4TOObI WIA p <P OblWIO: 


min |€,—€,| > max|¢— ¢,|(C — 8). (2) 
M3 wepapeucts (1) wu (2) culenyer (48 p < pp): 
max | 9 — ¢, | ie 
re tebe) iets a Mares 
HW, MWepexoia K nmpefesy mpu p->0, nomyuum 


: ax|fo—C€ oT 
lim Sh eee CLV ee. (3) 


e>0 


OueBHHO, B TOUKe Zp = rev” 


0 ats : max G —¢ 
votig 2 <lim sup = be 
M Torya u3 (3) culeqyeT 
a tana 
0<3<aVID@ y)]- (4) 
Muterpupya no dr, nomyaum 
To 
4 ———————— 
(ry Foo) <—\VID(, Hlar. (5) 


| Qe 
J\1a OWeHKH \ S (1, fo, @) dp unterpupyem (5) mo dg: 
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\ srs tor dp. <4 de| VIDE Hl ar. (6) 


Bes orpaHiyeHua OOWHOCTH MbI MOX%KEM MPHHATh, YTO fy > +*/2; Tora HMeeM 
OWeHKY 


Qe G2 i 

‘ 9 . fe POS. oi 9 

\ str a ede <= \ dg\ VID(, y)|rdr ait Bag B, 
1 G1 ry 


a Bemmuuna B KonewHa NO Mpeanonoxenuio II. 

Takum o6pasom, npexnovioxeHusa Teopembl Benno Jlesu Wuia cemelicTBa yHK- 
muni s(r,, 7, —) OT — ANA oO, <<O < $» BHINOMHeHbI (Np r—>1 BeMUHHA So—const 
MOHOTOHHO pacTeT), H MOITOMY JWI MOUTH BCeX 3HAYEHHH  HHTepBasa ($1, $e) 
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cymectByeT mpefen lims(r,,7r,¢). Ilpumenaa npuBeweHHy!o 9SJIeMeHTapHyto 
r>1 
JIeMMY, 3aKJNOUAeM, UTO JIA STHX 3HayeHUi ~ cyuecTByeT TaKxe limf (re*). 
r>1 


TeopeMa jloKa3aHa. 
IonyruHo nomyyaetcs, uTo s(r,, 1,9) =lims (71, 7, p) — CyMMupyeMaa B MHTep- 
fos 


Basle (21, 2) PYHKIWMA OT 9. ; 
Jloka3aHHasTeopeMa IpHMeHuMa kK KJlaccy PyHKuUMAC = f(z), OCyULeCTBIIAIONIUX 


q-KBa3uKOHopMHble oTOOpaxkenua B cmbicae T. Dpetuuia u M. A. Jlappeutbesa. 


Oua MpHMeHHMa TakKe K H€KOTOPbIM KJIaccaM (PYHKWLMH, KOTOPble OCyILECTBJIAIOT 
oToOpaxkKeHHA, He ABJIAIONLMeCA BHYTPeHHHMH B cMbice Crouviopa. (IIpumep: 
= rer, 2 = rer! TA ryp—= 7, © SO =) bsin (1009). 

IIpumeuauue 1. Ecam He mpeanonaraTb HenpepbiBHy1o AudpepeHin- 
pyemoctb u(x, y) WH U(x, y), TO MpedbiqyuyMe paccyXeHHA OCJIOXKHAIOTCA. 
Ilo stomy Bompocy cm. paOoty V. H. Ilecuna (*). 

IIpumeuauue 2. JloKka3saTembcTBO MpHMeHHMO B cyJlyyae oOTOOpaxkKeHHuA 
n-MepHbIX OOsacTeH pH sO60M n> 2. 


Bcecoro3Hblit HHCTHTYT HayYHO-TeXHHYeCKOH HHPopMalluH Tocrynuso 
TocyfapcTBeHuoro HayuHO-TeXHHYeCKOTO KOMUTeTa 31 III 1959 
Copeta Muyuctpop CCCP u 
Axagzemun HayK CCCP 


UMTHPOBAHHAA JIMTEPATYPA 


1C. Carathéodory, Nachr. d. K. Gesellschaft d. Wissensch. zu Gottingen, Math.- 
phys. KI., 509 (1913). 7.0. Puce, B. Cekehbanpapu-Hagp, Jlexuun no byxkuuo- 
HaJIbHOMY aHamusy, M., 1954. 3? J. Lelong-Ferrand, Représentations conformes 
et transformations a intégrale de Dirichlet bornée, Paris, 1955. 4 HW. Il. 1ecun, JAH, 102, 
No 2, 223 (1955). 


* 2 2 
Jia cemelictBa oTo6paxkenuit, 2a KOTOpBIX uHterpan J\mpuxae KoHeyen, ,oKa3a- 
TeJIBCTBO TeOpeME! THNa DaTy MoxHO HaliTH B (8), 
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“ery 


Honnagn Akayemuu nayk cccP 
1959. Tom 127, Ne 2 


MATEMATHKA 


b. A. TPAXTEHBPOT 


ACMMITOTHYUECKAA OLLEHKA CJIOMQKHOCTH JIOTMYUECKUX CETEM 
J C NAMSTbIO ; 


(ITpedcmaeaexo axademuxom M. B&Keadouem¥2 IV 1959) 
1. O. B. Jlymanop paspa6oTtam Metoyx CHHTe3a MCTHHHOCTHBIX VIOrTMuecKuX 
ceTeH (Ha3BaHHbIX HM CX€MaMH M3 (PYHKUMOHAJIbHbIX 9JIEMEHTOB), MO3BOJIMBIUMH 
CTaHOBHTb aCHMITOTHKY JWIA dyHkuun L(n): HAaHMeHbIee HCO TaKOe, 4TO 


MCTHHHOCTHBIMU CeETAMH C HHJKCOM MpocToTnl, He mpeBocxozsamum L (n), MoxHO 
pealM30BaTb Ju0Oyi0 PyHKUMIO areOpbl MOruKu OT nm aprymeHToB. VMmeuuo (2): 


L(n)~o—, (1) 


rae 0— HaMMeHbIUMH 3 YfleJIbHbIX BeCOB aAyeek UcCXOAHOrO Oasuca {E;}. 


A ae 
Ecam unco Bcex PyHKUM areOpbl JOrMKH OT N MepeMeHHbIX, paBHoe 2” , 
jo003HauHTb yepes Q(n), To dbopmysia (1) mpumerT Buy 


Ig Q (n) , 
f(t) ~ OTe Qin * uh) 
B jaHHou cTaTbe uccJleqyeTCA aHaOPHuHad 3afaua MpHMeHUTeJIbHO K JIOr- 
HJECKUM CeETAM C IlaMATbIO, XapaKTePH3yIOWIHMCH ycJIOBHAMH: a) B Oasuc {E;}, 
1KPOM€ MCTMHHOCTHBIX AYeCK, BXOJAT HW 3JIEMCHTbI 3afepxKKH; 6) ONycTHMbI 
ImpaBivia OOpa30BaHHA NeTeJb OOpaTHO cBasu (°). Kak weapecTHo (*), B TaKHX 
ICETAX PeaJIM3YIOTCA ONepaTopbl C KOHEUHBIM BecoM. OKa3biBaeTCA, YTO HM B 3TOM 
icyuae MMe€e€T MeCTO 3aKOHOMepHOCTb, poscTBeHHad (1’), KoTOpas, B oTwMuHe 
joT (1’), OcHOBaHa Ha ujlee ONTHMAJIbHOrO KOMMpOBaHUA avlpaBuTa COCTOAHMK 
ipeamM3yemMoro oMmepaTopa. 
B myHxTax 2—4 paccMaTpuBaloTCa HeKOTOpble OnepaTopbl, AOMycKaroulue 
MPOCTy!0 peaJIM3allHlO, BbIACHAIOTCA BOS3MOXKHOCTH YIIPOWleHHA CHHTe3a NyTeM 
ajliexkallero BbIGOpa KOJa HU OWCHHBaeTCA UMCJIO peasM3yeMbIX OMepaTopos. 
TM pe3YJIbTATHI, MOFYllve MpeACTaBJIATb H CAMOCTOATEJIbHbIM HHTepec, HCMOJIb- 
BOBaHbI B MYHKTaX O—6 JIA yCTaHOBJIeHHA MeTOa CHHTe3a UM NOMyUeHHA 
JACHMNTOTHYECKOH OWeCHKH. 
2. Vissecruo (1,5), uro QA OTMeuIbHBIX KaccoB *yHKUMK asreOpbl JIOrTHKU 
IBOSMOXKHA peaslM3alluA, CYUIECTBeEHHO Oovlee MpocTad 4YeM Ta, KOTOPad rapaH- 
TupyeTCA SKCMOHeHUMaIbHOK OleHKOH (1) MIA MpousBo/bHDIx dyHKUMH. TouHo 
aK %Ke [WIA OTe/IbHbIX KMIACCOB HCTHHHOCTHBIX OMepaTOpPOB (2), 22,..- 5 Z%m) = 


i=T (x,"..., %n) BO3MOX%KHA peaM3alNA C OoIee HU3KOM OMEHKOM, YeM OLleHKa 
n 


mopayka p——, JerKo BbiTeKaiollad 43 Che STi yernrr xe Xaeee vn, eieau ee cae 


OOosHaualoT COOTBETCTBEHHO YNCvIa x = 20x, + Qtr, +... +27 xn, 2 = 272, + 
+212z,+...+2” "2m; Torqa onepatop T MHAyUNpyer o6bluHyI0 YHCOByIO 
byuxunio z=t(x), a yHKuMA areOppl moruKu f(X%,,..., Xn) — MpequKaT 
F(x). TIpu qoxa3aTembpeTBe TeopeM HacTOAUero HM CyleyIOUlero MYHKTOB UCIOUIb- 
SOBaHbI peasIM3alluu c JMHeHOH (cmyyau | u 2) uw KBagpaTu4HOM (culy4yai 3) 
DTHOCHTeJIbHO UHC/Ia BCeX JBOMUHbIX Mepe€MeHHbIX OWeCHKaMM CJIOXKHOCTH [VIA 
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oflepaTopos, MHAYUUpyIOMUX ceLyroulMe YMCMOBble MpequkaTbl Mu PyHKIMH: 
Ll) Rte naan. 
2) 2= XX. Xn + Yo. .- Yn UZ = XyXq. . . Xn — Yio.» + Yn» THE Z, T. e, 
21. . + Zpy OOOSHAYACT UACTb Pe3YJIbTHPYIOULerO GCA, 3aMHCbIBAeMY1O MJla]IMMM 
paspsylamu. 
3) X1X_... Xn JCMMTCA HaleNIO Ha 6109... Op (emuTesb (UKCHPOBaH). 
Onpeyeaeuue. McTuHHocTHblli onepaTop HasbiBaeTCA MOH OTOHHDBIM, 
eCIM MHLYUMpyeMad UM uvCJIOBad (yHKUMA ABIACTCA MOHOTOHHOH. 
Teopema 1. Monomonnele onepamopol (21,..., Zn) = T (%,---5 Xn) 
Mo2yM Oblinb PeaAUs06AHbL C OYeHKOlL (NPL N—> ce): 


k 
L(T) < 228 [1 +0(1)) (2) 


IIpumeuaune. Meron cuntesa, paspa6oTaHHbl (Id MOHOTOHHDIX one- 
paTOpoB, He HCHOMb3SyeT MOJHOCTbIO CBOHCTB MOHOTOHHOCTH HM NpOXOMMT c TON 
“Ke OWUCHKOM JIA Gosee wIMpoKoro Ksacca onepaTopoB. Jit MOHOTOHHDBIX 2xKe 
ONepaTOpoB OWeHKa MOxeT ObITb, MO-BHAMMOMY, yulyulena. 

3. PaccMoTpHM MHOKeCTBO Bcex OTOOpaxeHul T amdaBuTa Q = {qo, qu, - 

aie ceOa wim Ha ceOa. Ecum OykBbl {q,} 3aKOLMpOBaTb JBOMUHBIMA 
3alMlHCAMM MX HOMepoB, TO m1060e 7 MOxHO peatH30BaTb NO MeToLy JlynanoBa 
C OWeHKOM nopsyka pk; Rk Morsio HM He OKa3aTbCA CTeMeHbIO MBOHKH, UM Tora 


yacTb HaOopoB AHHbI [lg Rk) + 1 me OyfeT HCNOb30BaHa pH KOLMPOBAaHHH.. 
Ora olleHKa He MOxKeT GObITh yyuueHa HM Mp KaKOM Apyrom (bukCHpOBaHHOM 
cnoco6e Ko_upoBaHua ancaputa Q. OqHaKoO, ecJIM AA Kaxkoro oTOOpaxenua T 
JOMYCTHTb CBOe ONTHMAJIbHOe KOMMpOBaHHe asdaBuTa Q, TO 3Ta OLeHKa MOXKe1 
ObITh CYNICCTBeEHHO MOHM2xKeHA. 

Teopema 2. J[na Kascdo2e0 omobpascendua T moocHo yKasamb makKoée 


Koduposanue Q, npu Komopom (ke —> co) 


Qk lg Ig & - 


L(t) < EME 11 4-01). (3 


IIpumeuauue. Mero cuntTe3a TakOB, YTO OH WaeT OeHKy TakOro KE 
NOpsLKa, Kak MW OWeHKA, JOCTABJIA€MaA METOOM CHHTE3A MOHOTOHHBIX ONepaTopos; 
MOSsTOMyY BCAKOe yJyuWeHHe MocwesqHero MeTOa aBTOMaTHYeCKH MoBseUel 
3a codoH M ysyulleHve Mepporo. B cuyyae oToOpaxenna Q Ha ce6s BMecTo (3 


movyuaeTca OWeHka MopsyKa V elg k. : 
4. O6osHayuM uepes 9, m—p MHOXKECTBO BCeX OMepaTopoB (2,--.,Zm) = 


= T (x,,...,%) Beca CR = 2* (k= 1,2,.. .), H ycTh Q(n, m, k) — uncac 

omepaTopoB H3 9, m—». B uactuoctu, Q(n, 1,0) =Q(n) = 2?” ects uncaec 

Bcex (yHKIUMH amreOpbl Moruku ” aprymentos. Jina dynKunu Q(n, m, k) HE 

cylecTByeT MpocToH MopMyJIbl, BbIparkaroliell TOWHO ee 3HaueHHA, BMeCTE 

c TEM J\IX e€ JBOMUHOTO JorapudMa uMeeT MECTO cCJIeLyIOllad OleHKa: 
Teopema 3. Tpun+tk—~oo 


Ig Q(n, m, k)~(2"—1) 2* (m + k)-+m-2#=9"t* (m+ ky) — kk 


Onpegenenue. Oneparop T €9, m2 HasbIBaeTCA HE MPUBORUMBEIM, 
€CJIM BHIMONHEHO YCOBMe: KAKOBbI Obl HH OblJIM 1Ba €rO COCTOAHUA Q,, g jp cyme 
CTBY€T BXOMHOe COBO, NepeBomamee g, Bq. 

[Ipeqpityiaa TeopeMa ocTaeTcs cnpaBed JIMBO, ecmm NOX 9, m—p MOHUMATI 
JIMIb MOAMHOXKECTBO erO HEMPHBOAUMBbIX OMepaTopos. 


o. CuHTe3 KH OWeHKa cBepxy. IlycTs oneparop T €9,_»,—~ ONMCH 
BaeTCA YpaBHeHHAMu 


z(t) a ® [x(t), di) (=e I)= ¥ [x (2), q(t), ( 


\ 
, 


282 


rye 2, X—COKpalljeHHble OOO3HAUeHHA JH HaOopa MepeMeHHDIX 2;,..., 2m 
WX1,..-,Xn, a — OyKBa amtpaputa CocTOAHMM (0 BEIOOpa ABOMUHOTO Kosa). 
Jima WKCHpOBaHHOH BXOWHOH OyKBbl — (HalpHMep, AJA BXOMHOM OyKBbI 
&= 11... 1) onpeqeamm yuxunu: 
e(q)=D(E,q); $(q)= P(E, 9); 
{0 - apy x=F qo mpu x=, 

a \® ¢ i (x, q) ai 
[%, 4. MDE AX aa; W(% 9) TPE o Hee. 


Torja onepatop T 6yfeT onpeseseH ycOBHAMH: 


@' (x, q) 


Des kasi . mpu x(t) = &, 
=\@'[x(t), q(d)] npn x(t) <6 8: 

b{9(0)] npu x(t)=&, 
EN mary th 0 inh 2 Qe e. 


B cooTBeTcTBHH Cc Teopemol 2 BbiIOepeM KOfbI ancpaBuTa Q Tak, 4TOOE! 9 (q) 

a eae” Pe€aIH30BaTb OJIOKOM, HHAEKC MPOCTOTb! KOTOPOrO He TIpeBOCXOAUT 
fi +o(1)] npa k->oo. Baoxu, peanu3yiomue dyuxuun >, 0’, L’, 
eTpostca mo metony Jlynanopa. Mugexcom mpocToTs! ocTambHOM wacTH CeTH 
(BKJIOUaAA ZJIEMCHTHI 3aepxKKU), KOTOPad KOOpAuHUpyeT paOoTy O0KoB 9, >, 
®’, Y’, MoxHO mpeHeOpedb MO CpaBHeHHIO C OOMIMM HHJEKCOM TIpOcTOTE! CaMux 
 9Tux GO0KoB. B pe3yibTaTe TomyuaeTca culeqyiollad oueHKa (pH n+ k—> oo): 


a ER =OF 
L(T) <p + (I). (6) 


Cpapuenve c dopmysou (4) mo3BouneT IpusaTb HepaBeHcTBy (6) BHA 


] Betis ke , 
LT) <erigo gm ju + (1) (6') 


6. OmeuKa CHHBy. . 
Teopema 4. Kakoéo 6ot Hu Oola0 > 0, omHoWenUe 4uUCAa ONepamopos 
T.€0n—m—k, OAH KOMOpolx 
lg Q (n, m, k) 
VE GOs 1— s)p = 
(oe )PigtgQ (n, m, F) 
K 4uCAYy @ecex onepamopoe U3 Yn-m—e Cmpemumcna K HYAIO NpUu 
Igm 
fh -++ k —> oO, n+k — 0. (*) 
TloscHumM cMbica Broporo 43 ycmopul (*). Kak ugpecTHo (*), BbIXOqHaAd 
6yxpa z(t) onepatopa T ofHO3HAaUHbIM OOpasoM ompeslemAeTCH Mapol OyKB 
x(t), q(t); mostomy uuMco OyKB BbIXOAHOrO avdaBrtTa, (akTMyecKH yroTped- 
k 
JIMeMBIX, He UpepocxoquT 2”.2". Ecnu 6bl Bce (HIM MOUTH BCE) BbIXOJHbIe 
k 
6yKBbI ObIIH HCMOJIb30BaHBI, TO Mbl MMeH Obl 2” < ae ee Cs. Mi ee 
Ho o6pruHo He BCe KOJOBbIe PTpyMMbI UCMONb3YIOTCA; HallpuMep, H3 cooOpaxeHul 
HaexKHOCTH OepeTcsA H3ObITOUHBIN KO. YCJOBHAMM TeOpeMbl Taka H30bITOUHOCTb 
He McKsOUaeTCA, HO TpeOyeTcH, uTOOD! OHA He Oblla CMWKOM OoVJIbINON. 
7. Ilycrp L(n, m,k) o3HauaeT HavMeHblllee uncO Takoe, YTO CeTAMH 
€ MHJeKCOM MpocToTsl, He Mpesocxorzsium L(n, m, Rk), MO%KHO peasH30BaTb 
mo60H onepaTop U3 9, -m—r- V3 (6’) u Teopembl 4 BbITeKaeT aCHMIITOTHYeCKad 
OueHKa: 
Ig Q (n, m, k) 
_—— 2 if Y 
L(n, m, R) Pig ig Q (n, His La)? (7) 
KOTOpasd M ABJIAeTCA aHasioroM (1’). 
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B 3akmiouenue 3aMeTuM, uTO (bopmyvia (7) ocTaeTca cnpaBesmMBO HM NpH 
HEKOTOPEIX JPyrHX JONMyueHHAX O Kélacce OMepaTopoB H O Kslacce ceTeH, 
OTJINSHBIX OT TeX, KOTOPbIe ObIIH BbICKa3aHbl B IPebIyULeM U3JIOx%KeHHH: 

a) Mopmyua (7) MoxeT ObITb MepeHHTeplipeTupoBaHa WIA CyYaA, korya 
BMecTO 9, m—z OepeTcA ero MOMHO*KeCTBO, COCTOAMee H3 HeINPHBOJHMBIX 
omepaTopos. 

6) Hapszy c safep:KuBalouluMu 9uleMeHTaMM (HJIM BMeCTO HX) B Oa3HC 
MOryT ObITb BKJIOUeHbI M [pyrve auleMeHTapHble AveHKM, MMeloulHe He Oosee 
YeM OJMH BXOMHOM JBOMUHbIM KaHasl KaKaA HU pealH3ylomue JOOble OMepaTopst 
© KOHC¥HbIM BeCOM (HallpHMep, THNa ABOHYHOrO cueTUNKAa). 

B) B 6a3¥c MOXKHO BKJIOUNTb M TaKHe AYCHKU, KOTOPble HMEIOT MO HeCKOJIbKO 
COPTOB BEIXOMOB, T. €. PeasM3yIOT MO HeCKONbKO pa3smMuHEIxX dyHkuuA. Ilpu 
9TOM, OfHaKO, Mapametp p, durypupyroujau B (7), OymeT oONpeesATHCA 
HECKOJIbKO HHaye, YeM BbIe. YCJOBAMCA TOBOPHTb, uTO cucTema cbyHKunH {f;} 
B COBOKYIHOCTH CYLICCTBCHHO 3aBHCHT OT TI€PeCMCHHbIX %4, X2,...,Xn, CCI 
JIA KaxK OW u3 ITHX MepeMeHHbIX CyIlecTByeT NO KpalHHelt Mepe OHA *yHKUMA | 
CHCTeMbI, CYIeCTBEHHO 3aBucalad or Hee. Ilyctb sauetika © c MHJeEKCOM 
mpoctotpl P(Q) peamusyer cucTemy @yHKuUHH {f;}, CYyMIeCTBeHHO 3aBHCALLy!o 
B CBO€H COBOKYMHOCTH OT nN NepeMeHHbIX, CONOCTABJIACMBIX 2 BXOJHbIM KaHaJlaM 
STO Aueliku. O6o3HauHM uepe3 v HaMMeHbilee UHMCIO CPyHKUMH, OOpasyrouqux 
noycuctemy cuctTembl {f;}, BCe elle 3aBHCALLy!IO B COBOKYMHOCTH OT BCeX 7 | 
NepeMeHHBIX; TOrqa MOR YyeNbHbIM BecoM saueHKHU 2 cueqyeT NMOHHMATb — 
P (Q) 
Ly) 
CMATPHBAIOTCA JIMIb TaKHe AYVCHKH, JIA KOTOPbIX v < 7). 


, a p OMpeyemseTcH KaK MHHUMYM YJleJIbHbIX BeCOB ayeeK 6a3Hca (pac- 


Ilensenckui NomHTexuuueckuh § Tlocrynuso 
MHCTHTYT 31 IIT 1959 


UWUTHPOBAHHAA JIMTEPATYPA 


1O. B. JlIymauos, Mss. Brrcm. yueOu. 3ap., Paguodusuxa, Ne 1, 120 (1958). 
2°B. A. TpaxtTeno pot,” AH; 112.0 .Ne a6uo57), eA. WW. bait oe 
Wright, Proc. IRE, 41, Ne 10, 1357 (1953). * C. B. A6moucKkuh, Yen. matem. 
Hayk, 12(6), 189 (1957). > B. HW. ©uuuxKos, AH, 115, Ne 2 (1957). 


284 


Wornagn Akayemuu nayr CCCP 
1959. Tom 127, Ni 2 


MATEMATHKA 


kO. 10. TPOXUMUYK 


Ob YCJIOBHAX MOHOFEHHOCTH 


(ITpedcmaerenho axademuxom A. H. Koamozopoeeim 1 IV 1959) 


HatlloMayM HekoTopple OHATHA, BBefeHHBIe JI. E. Menpiospi (2) 
u Tlomneiito (*). 

Ilyctb safaHa HenpeppiBHaa dbyHKuua w =f (z) B HeKOTOpoH o6slactH D 
IIJIOCKOCTH 2. 

Bpemem onpejleseHua: 

Pyukuua f(z) OOaqaeT cBOHCTBOM K’ B TOUKe zED, ecam u3 Hee 
WCXOMAT TpH Jyya ty, ty, tz, PaCMOMOXKeHHbIe Ha TpeX pa3JIMUHbIX MPAMBIX, 
BAOJIb Ka%KMOrO 3 KOTOPbIX CyIMeCTByeT OAMH HM TOT Ke Mpener 


lim Argh @+9—F@) 


h-0: i 


Myukuua f(z) oOO6O1anaeT cBoucTBOM K” B TouKe ZED, ecm u3 
Hee HCXOZAT Tpu Ja ¢y, fy, fz, pacMOJIORKeHHbIe Ha Pa3JIMUHbIX IIPAMBbIX, 
BOJIb Ka2%KOrO M3 KOTOPbIX CylleCTByeT KOHEUHBIH npened 


as (ty | e+ Fey 
A 


be BCT; tap tse 


lim 
h>0 
lipuyem Bce TPH Mpefesa OMMHAaKOBHl. 
® as e PAY: 7) | es Loe) ee UY A 
@yukuua f(z),oOnamaeT BL,OOnacTH D uetonHOok MoH OT eH- 
HOCTDbIO, eCJIM 
rc ‘ 
ae D=(U @n),U[H (a =H, 2,...), 
ee i 
Daal 
rye H —une Oomee vem cueTHOe MHOxKeCTBO TOYeK OOJacTH D, a Ha KaxKJOM 
MHOXKECTBE Gn (2= 1, 2,...) yHKuua f(z) MOHOreHHa, OTHOCHTeEbHO On, 
T. e. ecuM Z€ Gn, TO CyUleCTByeT KOHCUHbIM TMpeyes * 


P(2+hy—F( 


lim oe ee (2). 
hsoe. h len ( ) 
2+h€En 
PaccmoTpuM Tefepb > HelpeppiBHoe oTOOpaxKenve w=f(z) oOmactru D 
B IlJIOCKOCTb W BOJIM3H ONpeylevJIeHHOH TOUKH 2%€D u BBemeM oOO3Ha4eHHe 
Wo — f (Zo). 


Hasopem TouKy 2€D U-ToukohH oToOpaxeHua w=f(z), ecm 
cyllmecTByeT NOocmeqOBaTebHOcTS {lp} (k= 1, 2,...) CTAPMBaIOMIMXCH K TOUKe 
Zo MIPOCTHIX 3AMKHYTHIX XKOPMaHOBbIX KPMBbIX, Ka%XKad M3 KOTOPbIX COMeEPKUT 
BHYTPpH TOUKY 2) MH OGJafaeT JONOMHUTeEbHO CJIeMyIOWMM CBOMCTBOM: oOpa3 
Kaxjon KpuBoh l, (k= 1, 2,...) B NMOcKocTH w pu OTOOpaxennH w = f (2) 
He COMepKUT TOUKH Wy = f (Zo). 

CxaxeM, 4TO OTOOpaxkeHve w = f (2) ABIAeCTCA IPAMBIM B HEKOTOPONH 
U-TOUKE 2, CCIM IPH MOO%*KUTEBHOM OOxOJe KaxJoK KpuBol I, (k = 1, 2,...) 
TOUKOH z cdbyHKuua Arg (w— Wp) MpuoOpeTaeT HeOTPHIaTeIbHOe NpHpalllenve. 


* 3ametum, To Tlomneliio mpegnouarad MUb KOHeYHOe pasOuenue OOnacTu D. B qan- 


HOM 3ameTKe CyMMa [J MOxKeT ObITb HIM KOHCYHOM HIM CueTHOM. 
n 
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Teopema 1. JIycmb sadana 6 obdaacmu D npouséorcnaa HenpepoleHaa 
mynkyua W =f (Zz), COnadarowan COHUM Us CAedYIOWMUX céeoticme: 

1) @ Kasc0ott mouxe zED, 3a ucKkatouenuem He Oonee 4eM C4eMHOZO UX 
mMooicecmea, umeem mecmo céeoticmeo K’; 

2) @ KancOoti mouke 2D, uckawuwan He OoNee 4emM C4eMHOe UX MHODKeCMEO, 
umeem mecmo ceolicmeo K", npuwem noumu 6 Kascdott U-mouKe, ecau maKoeole 
cytyecmeyromn, omobpastenue w =f (2) A@nrReMCA NPAMOLM; 

3) 6 o6aacmu D dynKkuyus f(z) o62adaem HenoaHxol moHoeeHHocmeN. 

Toeda ynxyun f(z) aeasemca anaaumuueckolt ecrody exympu D; npu 
amom, ecau Orn cayuaa 2) U-mouek He cytyecmeyem, mo f (z) == const. 

Tlyuxtst 1) u 2) sro Teopempr oO0OmlaioT USBeCTHbIe pe3yJIbTAaTbl 
J\. E. Meupuropa (1,5), 2oka3aHHble HM Ip JONOJHUTebHOM IIpeAIOJIO%KeHHH 
OJHOJIMCTHOCTH OTOOpaxkeHHA W = f (Z); WyHKT 3) ycTaHaBJIMBaeT CIpaBeAJIMBOCTb 
runotesbt Tlomnevtio 06 aHaJIMTHUHOCTH He BHOJHe MOHOreHHOM @yHKIUMH. 

OcHOBHBIM BCIOMOraTeJIbHbIM pe AJIOXKeHHEM MPH WOKasaTeJIbCTBe TeEOpeMBl | 
ABMAeTCA CHeMylomee O6O6meHHe OAHOM JeMMbI, IpHHayviexaujel apropy (°): 

OcuHospuaa wemMa. ITycmo.é@ o6aacmu D 3adaHol nHenpepolenan GbyHK- 
yun f(z) wu Nenycmoe Hnuede Ne naomnoe cCoBeepwuenHoe mHoocecmeo P, 
ob nadarouee CAeOyloulumu ceolicmeamu: 

1) @ynkyusn f(z) ene P seanemca axaaumuueckot; 

2) Ha mHoxcecmee P omobpaxceHue WwW =f (2) @3aUMHO-OOHOBHALHO, Mm. e. 
Onn MmOb0lx 21, 2,EP, 2-2, umeem f (2) =f (2s). 

Toeda dyxkyun f(z) ocywecmeanem exnympenHee omobpaocenue oOracmu 
D (no Cmouaoey; cm., Hanpumep, (*)); 6 4acmnocmu, Hatidemca o6nacme D’c D, 
codepacaujan mouku P, 6 Komopoti qbynKyusn f (Zz) o0HOAUCMHA. 

Brie (byHKkuuA f(z) MpewnOdaralacb HeIIpepbIBHOH; ecJIM %Ke He HakJla- 
J\bIBATh 3apaHee 9TOrO OrpaHuyeHuA, TO Teopema | NepectaeT ObiTb clipaBes- 
muBok. MW pce Ke MOxKHO IPMBeCTH OHO HeTPHBHaJIbHOe yTBepxKTeHHe U B 
caMOM OOmleM cylyyae, eculM cBolicTtBa K’, K” mw HenosHy!o0 MOHOTeHHOCTh WIA 
cpyHkunn f(z) =u-+iv, 2=x-+ ly, 3aMeHuTb ycnoBHamMH Ko1wu— Pumana 

Yy oy OX a is 

VmMeHHo, WMeeT MeCTO TaKasd TeOpema: 

Teopema 2. IIycmo nekomopaa dynkyus f (2), onpedenennan 6 ob aacmu 
D, yoosremeopsem 6 Kaocdoli ee mouke ycroeuam Kowu— Pumana (1). Toeda 
ynkyusn f (Z) Aeasemca anaaumuveckotl 6 KancOoti mouke obOnacmu D, ucKate- 
ua PASE NUIMb BCIOOY paspelenoe 3samKNYymMoe mHOHecCmeo pC D, npoexyuu 
KOMOpOeO HA OCU X U Y CYMb’ MakKoIce paspLleHole mHODCecmed. 


To, 4uTO Oco60e MHOXKecTBO P MOXKeT He ObITb MyCTbIM, MOKAa3bIBAeT U3Be- 
CTHBIM mpHMep Montes (*): 


_ije-*2 tpn 2a @ 
fO= 16 upu z=0. 


HeusBecTHO JIMIlb, MOXKeT JIM MHOXKECTBO p ObITh HECUCTHBIM. 

HokasaTesbeTBO TeopeMbl 2 ocHOBaHO Ha Teopeme I. II. Toucrosa (8), 
B CHJly KOTOpOH OrpaHu4yeHHaA dynKuua f(z), yOBMeTBOpaoNlad B OO- 
JacTH D ycnosusam (1), aBuIseTCH aHaslMTMUeCKOl BCIO Ly BHyTpu D. 


Iloctynuuio 
{13 VI 1958 
UHMTHPOBAHHAA JIMTEPATYPA 


*T. E. Menburos, Marem. copu., 40, Ne 1,3(1933). 2 B.C. Bexzopos, Mas. 
Vpanopo-Bosuecenckoro nomutexu. uuct., 1,45 (1919) * A. WH. MapKxywesauy, Teopua 
anaHTHueckux pyHkunH, M., 1950, crp. 22, 620—628. 4D. Menchoff, Math. Ann., 
109, 101 (1933), ° D. Menchoff, Bull. Soc. math. de France, 59,f.3, 4, p. 141 (1931). 
° 10. lO. Tpoxumuyk, Maren. cOopu., 45 (87), B. 2, 236 (1958). 7H. UW. T pu Ba- 
0 B, Beeqenve B TeopHio PyHKWH KoMIeKcHoro mepemenuoro, M.,1954,ra.2. ®T. Tl. Toa- 
c To B, Tp. Marten. uuct. uM. B. A. Creknoga, 35, ra. IV (1950). 
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Joxrnxagn Akayemuu uayr CCCP 
1959. Tom 127, Ne 2 


MEXAHHKA 


B. A. CKPHIKHH 


AJIFEBPAMYUECKHE WHTEFPAJIbI JIA ABTOMOJEJIDHbIX 
JABYDKEHWM WJEAJIbHOM CPEJIbI B PEJIATHBUCTCKOM CJIYUAE 


(IT pedcmaezeno axademuxom JI. H. Cedoeouim 2 IV 1959) 


B pa6ore (7) HaMM BBIBeeHbI HHTerpaJibHble ypaBHEHUA JBMXKeCHUA Measb- 
HOM XKMJKOCTH, XapakTepH3yeMOH TeH30POM SHeprnv — MMIlysibca 


TH = (e + p) ul ut — gitp, (0,1) 


3 OOWeEH TeEOpHH OTHOCHTesbHOCTH (dopMyvibl (2,2), (2,3) *). Specb p— jas- 
TeHue; ©—BHYTPpeHHAA 9HeprHA Ha eMHHWy OObeMa, BKJIOUaN 3Hepruio 
acchl moKoxH; wu! = dx! /ds, ds? = g,, dx! dx®, i,k =O, 1, 2, 3. B cayuae 
TCYTCTBUA MOJIA KOMIIOHEHTHI M€TPpHYUeCKOrO TeH30pa B Jl€KapTOBOH CHCTeMe 
KOOPIMHAT paBHbI £9 = C’, Lap = — Sap; a, B=1, 2, 3, a ynomaHyTple 
{HTerpaJIbHble ypaBHeHHA JBWXKeHUA TIPUMyT BUT: 

ypaBHeHHe Hepa3pbIBHOCTH 


#\ (0/ Vie dz = 0: (0,2) 


/paBHeHve 2Hepruu 


a\ [ert p)/ I— a) —p| dt = — | pot nade; (0,3) 
ypaBHenue aight | . 
| [CRP PMO 0 08 de = = \ pn ds, (0,4) 


lle t — MpOcTpaHCTBeHHbIH OObeM, COCTOAUINH M3 OMHHX MH TeX Ke yacTHl; 
| — IIOBepXHOCTb, OrpaHwunBalolad t; N* — BHeLHAA HOPMaJlb K o; C — CKO- 
pOCTb CBeTA. 

| 1. PaccmorpuM ojHOMepHBIe JBH2KeHHA, KOrfa BCe MCKOMbIe dyHKWHH 
|ABMCAT TOJIbKO OT OHOM MpOCTpaHcTBeHHOH KOOPAMHAaTbI * UM BpeMeHy f¢, 
| B JONMOJHUTeJIbHbIe +yCJIOBMA, CIelMPMIMpyIollMe ABMKeHHe, BXOAAT BCero 
{Be TIOCTOAHHbIe a HW D c HesaBHCHMbIMH pasMepHOCTAMH 


(av T sb LT (1,1) 

puwueM BHYTpeHHAA SHeprua 
= 92 B (2 | 1,2 
esc E( % ) : (1,2) 


me E— 6espa3mepHas (byHkuna. Takne 2BuzKeHHA OyfyT aBTOMOJeJIbHbIMH. 
PpuMeHAA OOuLyIo Teoputo (*), MbI yKa2keM, B NOJIHOM aHalorMu Cc Kslaccuue- 
KUM CylydaeM, HeKOTOpble avsireOpanyeckue UHTerpavibl MudpepeHuMaJbHblx 
/PaBHeEHHU, IKBUBAJICHTHBIX ypaBHeHusM (0,2) — (0,4). 


*B pa6ote (1)B dopmyae (2,1) yomymexna omH6Ka: BMecto 0/ Ot cnefyeT 4nTaTb CyOe 
TaHUMOHaNbHYy!I0 MpousBosuyio d / dt. 
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TlonoxuM, B COOTBeETCTBHH Cc OOmeH Teopuel, 


p = abs r-F-s-3 R(d),  p = abst2r—#-5-8 P (2). (1,3) 


v=W0), 1= 5, =8, 


rie R, P, V —Gespa3mepubie dbynkunn. Mat Oyfem BatbHetiem onupaTbca 
Ha TOKJECTBO 


ra(t) rete) r(t) 


y— = jd av Vink dr — | 1 | 
ia \ Foyr 1dr =. \ Foyr dr + | Feyr @ v) Wine ( 4) 
ei) r=ry(t) 
clipapewimBoe Lia mo6ok pyuKunuu F(t, r), rae 
len 5 Aye bt, Ais = const, s, (1,5) 


ar oe o{(t) —'saKkou JIBUKEHHA MOBEPXHOCTH, COCTOAMe U3 OMHHX U TeX Ke 
yaCTHIL HM cCoOBMaslaiomjeli B paccmaTpuBaempiii MomeHT BpemeHH c (1,5); 
oy = 2(v—1)r+ 5,3 cayyaiv = 3 coorseTcTByeT ,cbepHueckoH CHMMeTPHH, 
v = 2 ocepow u v= 1 naocKxon.t 

2. UutTerpawa Macc. Bsezem B paccmMoTpeHue Maccy 


f aad 
Py ga utah ai (2,1) 
: Vi-— w/e’ 


3aKJIOUCHHyIO B OObeMe cheppl pawuycar Ena6opaTOpHoH cucTeme KOOpAMHAT.; 
Tlomarasa 


oh = ab yt Mi, (2,2)y 


roe M (\) — OespasmepHasi (byHKUMA, HM NOb3yscb |’ ypapHenuamu (0,2), (1,3) 
u (1,4), Halijjem uHTerpaJ 
v—k—3 \ Sy Rie Aya 
NGO Uae aw Soe lave — 


WMuterpaa jsHepruu. Jaa cayyaa v—k—s—3=0, [ucnompsya} 
ypaBHeune (0,3), a Takxe (1,2)—(1,4), nomyuum uHTerpan 


(Ze (+P) | — 34) —P] av) — PV} =*const. oa 


Muterpaa agua6atuunocru. B xuddepentuambuolt jopme ypas-| 
HeHHe 9HeEpruu C MOMOIIbIO ypaBHeHuA HepaspbIBHOCTH HM c yy¥eTOM BTOpOroO} 
Havasla TepMOJMHAaMHKH MOxKeT ObITh NIpHBeeHO K Buy 


|= — const. F (2,9) 


d@(S) _ ‘| 
many ec 0, (2,51) 
rye @(S)—npoussobHad cbyHkuua OT yembHO suTponun S. Ecau @(S' 
UMeeT Pa3MepHOCTb | 
[DO] Me ane (2,6) 
a“v—k—3—s-=£0, To uMeeT MecToO mHTerpa 
v—o (v—8) a ; 
abs k+s+3—v 7 ab—*—8+¥ prea eee as 
D.(S)ie= ont al ( ae const. E (an 


B CJTyuae, KOra KaJIopHueckoe ypaBHeHHe COCTOAHHA Cpeybl UMeeT BU 


va 
4 


eet yea 2,8) 
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re Y— OTHOWeHHe crelu@uyeckux TenoemKocteH, M(S) MOxHO CUHTAaTb 
papuon p/p’. Torna (2,7) B Oe3pas3MepHo (opme 3aliuiueTca B Bue 


a + s+ 3—v s 
Pap RY =r ek+s+3—v M -const. E250) 


Ypapuennsa (2,3) u (2,7’) coBMecTHO JaloT OMHO KOHeUHOe avIreOpanueckoe 
cooTHoleHHe mexiy P, R, V, i, nNosBouAollee UCKJIOUUTh U3 ypaBHeHHi 


| (BWKeHHA ONY W3 MCKOMBIX PyHKUHH. 


Ecau v—[k —\3—s = 0, To (2,7) He umeeT mecta, a u3 (2,3) Nomyuaem 


MawRNV— iy 
% masa el i = const. a (2,9) 
V1— pv? 
VMuterpaa umnyuabca. Jina peuxKenuii c nocKoH cuMMeTpHel pu 
y—k— 3—s=0O ananoruyuHo Haliqem unTerpas 


alee (ap) + P]VO—V)/(1— B22) — P} —const. (2,10) 


3aMeTHM, YTO B KaYeCTBe A MOXKHO B3ATb MOCTOAHHy10 abt, rye a s060e. 
Takoe W3MeHeHHe pa3MepHOCTH OHO OMpefesstouleli KOHCTaHTbI OKaxKeT 
BJIMAHMe Ha BU dyHKunH P(A), R(A). B vacTHOCTH, MOXHO MOJOKUTb 
P,=)P, R,=)R. Torga B uHTerpaax SHepruu wu uMIysbca (Kak B (?)) 


| MHOKUTeb A+ ceBa Mponamaer. 


BpinvuleM, HaKOHell, Oespa3sMepHble LudepeHUnaJibHble ypaBHeHHA, MHTer- 
PaJibl KOTOPEIX MbI yKa3aJIM, BOSHUKalomMe u3 Opu*/dx* =0, OT” / dx? =0, 
rye 7 naetca chopmysol (0,1), mocme 3aMeHbI HCKOMBIX byuKunti corslacHo 
(1,3). TaKoBbiMu ABJIAIOTCA ypaBHeHHA: 
ypaBHeHHe HepaspbIBHOCTH 


d 
KV 2) Fin(F) 425 4 (vk s—4)V = 0; 
ypaBHeHuve ajluadaTHuHOCTH 
dP Mar 4. VP 
KV) a(s) +N E+s+ 3) <0; 
ypaBHeHHe UMIyuIbca 


nV —) 2 n+ eae oe ee) V/ 0} —(b-+s+3)0P/R4+ EF i) 

Snecb 9 = V 1— 8*V?, a Kanopnueckoe ypaBHeHWe COCTOAHHA BellecTBa 
B3aTO B cope (2,8). Ormetum, uro mpu B—>0 pce COOTHOWeHHA NepexoxAaT 
B COOTBETCTBYIOIHE COOTHOWCHHA KyaccHyecKol .TeOpuH (*). 

B msockom ciyyae npn v—k—s—3=0 bl Nosyuaem pellieHve B KO- 
HeYHOM Bue; B ciepHyecKOM M WHMHApMyecKOM cCJIydaadX TIpH MOMOLIM 
NOJIYYCHHBIX HHTerpasiOB 3afaua CBOAMTCA K HCCJIeEQOBaHHIO OHOTO OObIKHO- 
BeHHOrO pudpepeHvaIbHOrO ypaBHeHuaA NepBoro nopsyKa. Ecuu pH 93TOM 
B (2,3) const=0, tro R=0O. Tlonoxup e¢=3p, Mbl ouyaHM TOT xe 
pesyJIbTaT JIA JBYXKeCHHA BbIPORZeHHoro ra3a. IIpuy v—k—s—3=0 mpl 
OCTaeMCA B paMKaxX TpoGsJembl BTOporO NopsyKa. 


Matematuyecknit uHcTHTyT uM. B. A. CreknoBa Ilocrynusio 
Axajyemun HayK CCCP 31 III 1959 
UWHMTHPOBAHHAA JIMTEPATYPA 


1B. A. Ckpunkun, JAH, 123, Ne 5 (1958). 2 JI. HW. Cegos, Merogu nogo6ua 
HM pa3MepHocTH B MexaHuke, M., 1957. 
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YFornauagn AKkagqemun nayr CCCP 
1959. Tom 127, NM 2 


MATEMATHYECKAA ®H3HKA 


A. A. MOB3HEP u H. B. CYXAPEBCKUM 


MHTEL PAJIBHBIE YPABHEHHSA BTOPOrO POA JIA 3ANAY4 
AWMSPAKUAH HA BECKOHEYHO TOHKOM SKPAHE 


(ITpedcmaeaeno akxademuxom B. H. Cmupnosorm 28 IIT 1959) 


'B page BonpocoB Teopuu AudppakUHH 3/IeKTPOMarHHTHbIX BOJIH Ha G6ecKo- 
HeuHO TOHKOM HjleaJIbHO MPOBOAAMeM SKpPaHe MpecTaBAeT WHTepec NMpHBe- 
eHHe JUPpakWUMOHHOM KpaeBOH 3aauM K MHTerpaJIbHbIM ypaBHeHuamM. B yact- 
OCTH, Y ABTOPOB BOSHHKJa HEOOXOAMMOCTb NOCTPOeHHA MHTerpaJIbHbIX YpaBHe- 
HMM BTOPOrO pOjla, 9KBUBAJICHTHLIX STOM KpaeBOl 3afaye, B CBA3H C MpHsO*Ke- 
HeM pe3yJIbTaTOB paoorpl (1) K HaXOXKMEHHIO ACHMNTOTHKH KOPOTKHX BOJIH, pac- 
CAHHBIX 9KPaHOM. HenocpeycTBeHHOe MpHMeHeHHe OObINHOrO MeTOJa NOTeHILHa- 
NOB K 3ajjayue O AuppakWHH Ha 9KpaHe aeT MMLIb UHTerpo-LudPpepenuuasIbHoe 
ypaBHeHHe NepBoro pojla, KOTOPOe HY2KHO PaCCMaTPHBaTb COBMECTHO C «KOHTYD- 
HhIMH» YCJIOBHAMH (4). 

Ileib HacTosuel 3aMeTKH COCTaBJIAeT NpPHBeweHve KpaeBOH 3aqauu AupaK- 
Wu Ha O€CKOHEUHO TOHKOM 3KPaHe K 9KBUBAJICHTHBIM PeryJIAPHbIM HHTeErpaJIbHbIM 
PpaBHeHHAM BTOporo posa (HaCKOJIbKO HAM H3BeCTHO, MOCTPpOeHHe TaKHX ypaB- 
e€HHl elle He ObIJIO MpoBeeHo). 

1. Byzem paccmaTpuBaTb LuppakUHIo 3JIEKTPOMAarHUTHOH BOJIHbI Ha HeaJIbHO 
POBOJALIEM 9KpaHe, KOTOPHIN MpelcTaBaeT coOol MByCTOPOHHIOIO MOBepXx- 
ocTb S, orpaHwueHHylo mpocTEim kouTypom L, npuyem S u L pocraTouno ruaz- 
ve *. Kpome Toro, uTOObl yYNPOCTUTb H3O*KeHHe, NOBepXHocTb S OyeM cuuTaTb 
oneuHOn **, 

IlpenctaBuB novHOe nove B Buse a | 


Enon == E (x) + Ey (2s ee = H (x) + Ho (x), 


me (Eo, Ho) —MmepBuyHoe move; x—BeKTOP {X1, Xz, ¥3}, MPMXOMMM K Kpae- 


OH 3ayaye; 
rotE (x) =ikH (x); rotH(x)="—ikE(x) (x@S-+L); (1) 
n(x) x E* (x) = n(x) x E” (x) =—mn(x) x E(x) (x€S), (2) 


rme n(x) = n*(x)— opt Hopmamu kK S; cumBoum Buga A*, A” O3HauaioT rpa- 
HHYHbIe 3HavYeHHA Kakoro-M60 BeKTopa A Ha JByX CTOpOHax MOBepxHOCTH. 

Kpome toro, E un H jospKubl yQOBJICTBOPATH yCJIOBMIO H3IyYeHHA WM «KOH- 
TYPHbIM YyCJIOBHAM», J{alOUlMM OWeHKH 9STHX BeKTOpoB BOsmusH L: ecamu J, p, 
®— KOOPAMHATHI, aHaJIOrMUHbIe TOPpOMAabHEIM (/ — LyroBpas KoopyuHata no L; 
9, P— IIOJAPHbIe KOOPAUHATLI B HOPMaJIbHOM K L mmocKocTu), TO pH p—>0 


OE C0) Ha (3) 
PaBHOMepHO OTHOCHTebHO / u @ (°). 


* Jlocratouno, uTto6pn S u L 6p TpuxK ALI HeMpepHiBHo AupPdepenuupyeMbyl. 

** VinrerpasibHble ypaBHeHHA, MovJlyyaeMble MeTOLOM \aHHOM 3aMeTKH, UMeIOT ONMH U 
TOT 2Ke BU KaK B Cayuae KOHeYHOrO, Tak MU GeckoHeyHOrO oKpaHa. Ho ecu S Oeckoneyna, 
BbIBOJ HM WCCeqOBaHHe ypaBHeHHii TpeOyloT yueTa CBOMCTB MOBepXHOCTH Ha OecKOHeyHOCTH. 
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KountypHoe ycaopue (3) o6ecieuMBaeT cyllecTBOBaHHe MHTerpasa 
\(EP -+_|H|?)dV B oxpecrnocru wmunu L u e\MHCTBeHHOCTb pellieHu Kpae- 
poli 3amauu. Moxuo moKa3aTb Takxe (?,°), uro ycmoBue (3) BmeyeT 3a cOoOOK 
6omee TOUHBIe olleHKu: |E| =O (p—”); |H| = O(p—”), mpuuem 

Ey=—Egit+O(p); Hi= 0 (p%). (4) 


Jlanee, pemienue paccMaTpuBaemoi KpaeBoli 3anauH (CJM OHO CyulecTByeT) 
joltycKaeT mpefcTapsenue 0 dopmyjamM TpuHa, COOTBeETCTBYIOUIMM ypaBHe- 
Huio rotrot.F =k? F(F =E; H). 3 stux dopmyaz, pwuaB BO BHUMaHve 
HEIPepbIBHOCTh TaHTeHI[MaJIbHbIX COCTaBJIAIOWIMX BeKTOpa E mpuw mepexoge 
yepe3 S, JlerkO BbIBeCTH, 4TO 


Gn E(x) = 7 \U(We) x Ve) x Vee, 1 dSe (5) 
S 
4x H (x) = —\[v@® x Vef (x, 9) dSz, (6 


res vn XH") (nS Cec) wales oa (x@S'+ L). Tlonoxum 


> 
T= 4rn X Enon. M3 (4) cnenyeT, uro HopMabpuble K L cocTaBJIAloMe BeK- 
> 


Topa v HI’ wenpeppiBHb! B OKpecTHOcTH sMHUuH L Mu paBHb! Hysio,Ha L. 
Ucnom30BaB STOT akT, H3 (2) u (5) NOJyuaem ypaBHeHHe 


4 7 P 
se (1 x D) \ fe, 8) (De-v (®) dSe — ik \f (, &) In x V(@)] dSz + 
: S S 
+ 4nn,x Ep (x) =I (x) =0} (x€S), (7) 
Ree n= n(x): een: De=Ve—n() =~. 
S 
Mbl nlowyyMmM usBeCTHOe nHTerpo-zudpepeHunambHoe ypaBHeHve mepBoro 
powa, Ha KOTOpOM OObIyHO HM OCTaHaBJIMBaloTCA (CM., Hampumep, (4)). 
Haula 3saqaya cocTouT B Npeodpa3z0BaHuu ypaBHeHusa (7) B SKBUBAaJIeHTHOe 


MHTerpasIbHOe ypaBHeHve BTOporo poya. C 9TOH Wembio WpHMeHseM K OGeHM 
WacTAM ypaBHeHua (7) OnepaTop. 


AP = [n}x(rot rot 3-| F(x, 8) TI) Se] = 


ik 
b S 
= Fy (WX(D) | F(x, 8) (De TY) dSe!— ik \F(x, (nx F@) dS. 8) 
O6o3HauHB : 
\F«7W) Fy, 8) (y),dS = P (x, 8), 
Ss 
Fol(x) = — 5 (a x D) | F (x, &) De-(m(@) x Eo @))} dS¢ + 


Ss 


+ Aeite\ F(x, &) Im x'(M(®) x Eo ())] dSe, 
noumyyaem “3 (7) u (8) span 
(n x,D) | {v,@) De x P(x, QI ds.— 
S 
—\ (Dev) In x (De x P)] dS; + Vin x (v(G) x PY] dSe = Fy(x). 9) 
Ss: 


Ss 
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HetpyHo noKkasaTb, uTO P = 2rn(x) In pert + Po(x, &), rae Po (x, &) — 
HellpepbipHoe Ha S Apo, uMmeloulee KacaTeJIbHble MPpOM3BOAHbIe BTOPOTO r0- 


pagka C OcOOeHHOCTHIO NopsayKa Ecim 8B TepBbIX JByxX MHTerpa- 


1 
PASSE, i 
| lax B ea yacTH (9) 3amMeHuTb P Ha 2enin 3 HW OO0O3HaUHTb 


E| 
2s In, In ——} v(&)dSz = B(x), TO cyMMa yKa3aHHbIX MHTerpaslOB MOXKeT ObITb 


4 
| . B Buse 


(n x as {((n x D)-B} + pia = D*B + By, 
Tae B,—pesyabtar Bospelictaua Hwa B HeKOTOpbix Tee neen eee ome- 
paTopoB MepBoro nopsykKa (ecm 9KpaH NviocKnH, TO B,==0). Tlostomy ypas- 
HeHHe (9) Mlocule COOTBETCTBYIOMIUX npeodpasopanuit TlepexOuT B ypaBHeHne 
| DpenroubMa 


— 4n® v(x) +\(m x D) {v (E)-(Dz x P (x, &)} dSe+ 
S 


+ \(v@)-De) In x (De x P(x, 8) dSe + 


S 


+k \ [In x (v(E) x P(x, &))]dSz = Fo(x) (x €S), (10) 


Ss 


|MaTpHlla-s{po KoTOporo uMeeT ocobeHHOCTh Nopsyka He Bpllue 
|B uacTHocTu, Jia WwocKoro 9kpaHa ypaBHeHue (10) npuHumaeT Buy 


— 4x2 v(x) + \v (&) (D2 + &) P (x, &) dS; — 


Ss 


{v (&)-(n x Dz)} [mn x (Dz + D)] P (x, &) dS = Fo (x), 


Hne—? 


re P(x) =\i(% FY, 8) dSy. 
| S 


| MoxHo mnoKka3aTb, MpoaHalM3sHpoBaB ypaBHeHue (10) wu cBolicTBa omepa- 
'Topa A, uTo ecu ypaBHeHue (10) paspemimmo, To sro6oe ero pemenue v(x) 
Mopoxpaer (m0 dopmyviam (5), (6)) peweHve KpaeBow 3afauu, 4TO NMOKa3bI- 
'BaeT 9KBMBaJICHTHOCTb MHTerpaibHoro ypaBHeHua (10) nate KkpaeBoi 
sajaue. TlomyrHo OTMeTHM, 4TO H3 CAMHCTBEHHOCTH pelleHult KpaeBol 3ajla- 
‘uu wu Teopun WpeyrombMa cuJlefyeT CyIMeCTBOBaHHe pelieHHA MHTerpaJb- 
‘Horo ypapHuenua (10), a culeqoBaTeJIbHO HM paccCMaTpHBaeMOu WudppakWMOHHOH 
saad. 
| 2, AnanorwuHbIM Me€TOLOM MOxKHO paccMOTpeTb MH 3afauH Aupakuun visi 
}CKaiapHoro ypapHenua AU (x) + R?>U (x) =0 (x@S+L). Iyctp Uo (x) — nep- 
BUYHOe Oe, a TOMHOe Tove MpefctTaBsieHo B BUC Unony = U + Uo. Bropuy- 
Hoe (qudparupoBaHHoe) rose U fOJ2KHO yJOBJIeETBOPATb yCJIOBMIO H3JIyueHHA 
M CJI€MyIOWMM KpaeBbIM yCJIOBUAM. 

1) Tipu xES Ut(x) =U (x) =—U) (x) (3amaua upuxae) amo 
a =)" = = (5) = EL (sagaua Helimana). 

2) B oxpecruocru smHun L U(x) nempeppiena u o| grad U|—Onpu p— 0 
PaBHOMepHO OTHOCHTeJIbHO KOOopfuHaT / u og. Hwxe lpuBeyeHbl pesybTaTbl 
PaccCMOTpeHHA STUX 3aau AIA ClydaHd MWIOCKOrO 9KpaHa. 
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Pemenne 3anqaun JIupuxse fonyckaeT mpeycTaBleHHe 


U(x) =— a \ Fe )0@dSs, 


B KOTOPOM JU €CTb pellieHHe ypaBHeHHA: 


—4stv (x) +0) (—D-De + #) P(x, 8) dS¢ = 


Ss 


= Ant? | f (x, 8) Uo (€) dSz — 4e.\ D f (x, 8) -DeUo (€) dSe. 


Ss Ss 


Pemienve xe 3amaun Heiimana mpefacTaBuMo B Buze 


AACA: 
U(x) = = LS w(t) dSe, 


re wW— pelwleHve HHTerpaJIbHOTO ypaBHeHHA: 


— An®w (x) + (2 (6) (D2 4 - 2) P(x, € t) Sy = — de Fs gee oe dS:. 


Ss 
MucruryT paquodpu3uku u 3JIeKTpOHHKH Ilocrynuso 
Akayemuu Hayk YCCP 26 III 1959 


XapbKOBCKHH NOMHTEXHHUECKHH MHCTHTYT 
um. B. VW. Jlenuua 


UMTHPOBAHHAA JIMTEPATYPA 


1A. A. Tossnep, WH. B. CyxapescKku i, JAH, 122, Ne 6 (1958). 7 J. Mei x- 
ner, Zs. f. Naturforsch., 3a, 506 (1948). $A. Heins, S. Silver, Proc. Campam 
Phil. Soc., 51, part 1, 149 (1955). 2A, Male, 6Zs.1. Phys. - 126, 60 (1949). 
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Worzagm Akayemunu nayr CCCP 
1959. Tom 127, Nb 2 


HBHKA 


H. M. MJIAKHA 


CNEKTP 9JIEMEHTHbIX BO3BYKIEHWM HENJEAJIbHOrO 
2 BO3E-TA3A 


(ITpedcmaeneno axademuxom H. H. Bozoanro6oeom 2 1V 1959) 


B paOotax (1,?) OblviIo MpoBeszeHO HccCeMOBAHHe CNCKTPa IICMCHTAPHbIX BO3- 
OyxJeHHH BbIPOKAeHHOrO caOo HeHJeatbHOrO O03e-ra3a MeTOJOM BbIJeIeHHA 
TlaBHOH YacTH 43 ONepaTopa I aMubTOHA CHCTeMbI B3AHMOJeHCTBYIOULNX YaCTHIL. 
IlpeacTaBineT HHTepPeC BHIYHCINTh NOMPaBKU B cneKTpe BosoyaTeHHH, oO yC.10B- 
JeHHbIe OTOPOWEHHBIMH WieHaMH, B aa cTall\uoHapHoH neous penn s 
paspuToi Tyrenrompuem (*). | 

B pa6ore (*) cuctema BaaNMOMelicTBYIOLUX 603e-4acTHL iore onucana ¢ To- 
MOLLbIO «JOMOJIHHTeIbHBIX MePeCMCHHBIX) py — (bypbe-KOMNOHEHT oOnmepaTopa 
MJIOTHOCTH 


eM, k=O, me 


rae N—uncso uacTtu B oObeme V. 
Bpii0 NoKa3aHoO, UYTO FaMHJIbTOHHaH TakOM CHCTeMbI MOXKeT ObITb 3allHcaH 
B Buse 


H=H,+M,, (2) 
Le 


| = \ 
=: >).E (k) bt, (3) 
k 
OCHOBHaAA WaCTb SHeprun CHCTCMBI; 


o VN 1> 
het he#0 


% [(1 FM) bon, + (hie — 1) GE] IL ++) Bt + OM 1) BL, A) 
BOOOUIE TOBOPA, MaJlad UaCTb 9HEPrHH CHCTeMEI M OMMCbIBaeT B3avMOselicTBHe 
tboHonoB pyr c Apyrom. Syecb 6+ un b,— Oose-onepaTopbl pox MeHHA Hi 
YHUUTOXKeHUA COHOHOB c uMMysbcoM hk; OHH CBASAHbI C MePpeMeHHBIMH P, 
CjleyIOllHM OO6pasom: 


4 atk. 
eh ees kh ee Ri S F (cttey Paty) X 
k,, k, 


1 a 1 a 
taprate) ate) oO 
rye 

Pa = V Wugu’ (6) 
5 i FR? 
k E(k) 2m ?) 


Cnextp ds/leMendTapaulx Bo3sbyamqeHua 623 yaeTa uteda H, UMeeT BUT 
Ni (by eee 
Eh) =V ro. Beat (8) 


v(k) = \® (r) e-**F dr 


rye 


KoshpuuventT Dypbe aHeprun B3auMOeicTBHA @(r); m— Macca 4aCTHILbl. 
IIpn c1a6oM B3aMMoeicTBHA MexKy uacTHlaMH }%-—>1, u onepatrop My; 
CTaHOBHTCA MaJIbIM 34 HCKO“eHHeM ieHa (Dx,+k, Aor (ha Oe 


x (1+ Me.) Ot 
Ojuako Mp paccMoTpeHHH Bos6y%kReHHOro cocTosHua OF @, (rae D, — Ba- 


KYYMHad BouHOBad (cbyHkuua, T. e€. b,D)=0 gaa k 0) HaxOUM, 4TO 
BKJlaf, 3TOrO wieHa paBeH Hywlo. CyeqoBaTeJIbHO, onepaTtop H, MOXHO C4dH- 
TaTb MaJIbIM MU IPHMeHATb TeOPHio BOSMYLeHHA. Bpruucuad MaTPH4HbIM SJIeEMeHT 
llepexoma (POHOH — (POHOH OA AelicrBHem OnMepaTopa H,, Haliem UCMpaBeH- 
HyIO 9HeEprHio BO3Oy2KeHHOrO COCTOAHHA: 


e(k) = E(k) — <Dobx | Hy [Ho — 2 (R) 4A, | OE Dy> = 


#2 V (Ay — 1) (Aj — 1) (kik) 
=E()—(F) awl lets 


(1 ee a (kik) + (4, — DH | + 


i : (ki, ky — k)? [e (Ai) + © (A: —&)] 
+ aa a TOL Dee — orem 


2 (ki, ki —k) (kik) 
aa Re + Gy EO FeO: ) 


ky 
IIpu BbITHCVICHHH MdaTPHUHOrO JJIEMCHTa UCIIOJIb3OBaHaA BOJIHOBaAA (pyHKILHA 


@o(...9,...), CBAS4HHAA C BOJHOBOM yHKIMeH CHCTeMbI YaCTHL Po (Tf, . . - Ty) 
C MOMOULbIO MpeodpasoBaHua 


OMe exp|— 7 Deve % (redhiry. (10) 


TakuM o6pa30M, y'eT JONOJIHUTeMbHBIX yCJIOBHH, BbIpaxkalollHX CBASb nepe- 
MECHHBIX 9, C KOOPAHHATaMH 4aCTHI rj, NpOBeeH Tak 2%e Kak B paOore (4), 
PeuleHue MHTerpaibHoro ypaBHeHua (9) 3aTpyHUTebHO, OMHaKO, pac- 
hk N 

CMaTpHBad MONpaBKy Np MaJIbIx uMiybpcax Ak, T. e. np Im KVR) TP» 


MO2XHO NOJIYYHTb MpOcToe Bbipaxkenve MIA SHEPrHu B Bue pxAa NO R. Ilepsnrit 
QWIe€H STOFO PpAXa MMeeT BHT: 


OLY | HAO Rr8y(k') de’ 
o(k) = ney ON eae Be): 1) 


B ApyroM mMpefeubHOM culyyae OO/IbUIMX HMMy/bCOB CleKTp HMeeT BHI 


E(k) = 


ms OK — S| tinh 3 aw (E(k) — -)| dk’ (12) 
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Oulu XapakTep CMeKTpa He MeHAeTCA, MH y4eT B3aHMOelicTBHA COHOHOB 
MpHBOAHT B TepBOM CJlyyae K YMeHbINeHHIO CKOpOCTH 3ByKa, a BO-BTOPOM — 
K YMeHbIUeHMIO We B «pOTOHHOM» YacTH CMeKTpa. 

VutTepecHo OTMeTHTb, 4TO aHaJIOrMUHbI y4eT TPOMHbIX WIeHOB B pa3vio- 
€HAH FaMMJIbTOHHaHa B OObIUHbIX MePeMCHHbIX NO MaJIbIM aMIVJIMTY1aM BO3- 


Y2KCHHBIX COCTOAHHH by uw bx (°) aeT pacxofalyioca nNonpaBKy Mp MavIblx 
uMnyibcax hk, ona BeweT ceOa kak 1/R. 

Jima OWe€HKH BeJIMYMHbI MOMmpaBKH BO3MOXKHO HCHOb30BaTb v(k), Npelo- 
MKeHHbIM B padote (°) naa He* npn nystepow Temnepatype. B stom cuyuae 
mompapka jwia (11) paBHa 40%. IIpH ymMeHbureHuM MJIOTHOCTH YacTHL B 8 pas 
MonpaBka CHMKaeTcA WO 5% Kak B culyyae (11), Tak u B cuyyae (12). 

B 3axmoveHHe BbIpaxaro OnarofapHoctb JI. H. 3y6apesy 3a pyKoBorcTBo 
aHHOH p2doron. Sow : 


MockosckHit rocylapcTBeHHBI yHHBepCuTeT Hocrynusto 
um. M, B. JIlomMonocosa 30 III 1959 


WMTHPOBAHHAA JIMTEPATYPA 


1H. H. Boroaw6os, M38. AHCCCP, cep. us., 11, 77 (1947). 7 fH. H. Boro- 
1t060B, J. H. 3y6apes, DK9TO, 28, 129(1955). 7 N. M. Hugenholtz, Phy- 
sica, 28, 481 (1957). 4 I. H. 3y6apes, JAH, 95, 757 (1954). 5 H. H. Boroato- 
Gao B, KOT ®,18,'622 (1948). 9 KY A. Brueeckner, Kp Sawada, Physi Rev., 
1106, Ne 6, 1128 (1957). 
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Jloxnagnn AkawleMun HaykK CCCP 
1959. Tom 127, Ni 2 


_PEO@H3SHK A: 


B. HW. APABAJDKM 
OB 3JIEKTPHYECKUX CBOKCTBAX FPO3OBbIX OCAJIKOB 


([Tpedcmaeaeno axademuxom JI. H. Ilep6axoeoim 26 1X 1958) 


Jia nosyyeHHA JONOMHHTEIbHbIX CBeeCHHH O TPO3OBbIX OCaKaX JIeETOM 
1958 r. B Muncke HaMH ObIWIM OCYIIECTBJICHbI NapaJeJIbHble H3MepeHHA 3apsAsa | 
MW payluyca OTJeIbHBIX KaneJib H CYMMAPHOH MJIOTHOCTH TOKAa PpO3OBbIX OCAKOB, | 
Mcnob30BaHHblii WIA STOM eM NpHOOp COCcTOHT M3 Tpex Pa3seJIbHbIX KaHaJIOB 
C BbIXOJOM Ha camomucib! (pvc. 1). Kanastbl Id H3MepeHHA CYMMAPHO"O Bapasa | 
OcaKOB (HHTerpaTOp) H WIA U8MePpeHHA 3apsja OTACJbHbIX KalleJib NOCTPOeHBI } 
HO MpHHIAny ycuuNTeseH MOCTOAHHOFO TOKa C HecyuleH YaCcTOTOM. 

BxoguHoit KacKal KaHaJla JIA H83MepeHHA 3ap Aya OTe/IbHbIX KaleJIb BbIMOJIHEH | 
Ha JIByX 3JieKTpOMeTpHyecKHX Jlamnax Tuna IOIII, BksoueHHBIX Ha OOLYyIO| 
Harpy3ky. Ova 43 JiaMM KacKajla HaXOJMTCA B BbIHOCHOM JjaTuHKe, BTOpanA Ha 
OCHOBHOM llaccvH npHOopa. IIpu nocrynweHuu Ha CeTKY JIaMIbl BbIHOCHOFO JaT- 
yunKa 3apsya Kali CceTKa MpMoOperaeT HEKOTOPbIM MOTeHIMaJ, KOTOPHIH Oby- ¥ 
CJIOBIMBaeT pasOalaHCHpOBKy KaCKajla MPOMOPWHOHAIbHO BeJIHYMHE HW 3Haky | 
3apafa Kanu. Jia ompefeeHHaA 3HaKa 3apsafla Kalviu KaCKaj| HCKYCCTBeEHHO | 
BbIBOLHTCA H3 paBHOBeCHA, MH Ha AHOAHOM Harpy3ke MPH 3TOM NMOABMAeTCH! HeEKO- J 
TOpoe NepeMeHHoe HanpsaxeHue. Ip OAHOM 3Hake 3apsja Kali 9Ta pasOanan- | 
CHPOBKa yBeJIHUHBaeTCA, IPH Apyrom yMeHbuaetca. [IpupocT uw yMeHbIeHne 4 
pas0aJlaHCHPOBOYHOTO HalpAXKeHHA YCHJIHMBaeTCA NMOCMeYIOULHMH KacKajaMu | 
uM (uKCHpyeTca CaMOMHcleM. 

Kanal JJId H3MepeHHA CYMMAPHOrO 3apsAa oCaKOB paboTaeT aHasOrMyHO 
NIpesbiyWeMy KaHaJly C TOH JIMMIb pasHHeH, YO NOTeHWMas Ha BTOPOH cerke } 
QJIEKTPOMeTPHueCKOH JIaMMbl OalaHCHOrO KaCKajla H3Me€HAeTCA He 3a CueT 3a- 
PxAfla OTJeIbHbIX KalleJIb, a 3a CUeT TOKA Ha BXOJHOM COMPOTHBJICHHU, KOTOPHIIt 
OOyCJIOBJIEH CYMMAPHBIM 3apsAJOM Kalledb, Nonafaiollux Ha MpHeMHY1o macTu- 
HY (NOCTOAHHAA BpeMeHH BXOJHOH Wenn Oplia BbIOpaHa JocTaTOuHO Sobol 
AJA TOrO, YTOO! CXeMa He pearHpoOBasla Ha 3apA]bI OTACbHbIX KameJib). 

Kanasl iat W3MepeHHA pasMepos Kalie/ib MOCTpoeH Ha NATH amnax. Ileppaa 
Jama 6H21 1 cay2xxur ycuMTeseM Hap AKeHHA UMMYJIbCOB, MOJYYaeMBIX C 1be30- 
SEKTPHYeCKOrO AaTUMKa. OeKTPMueCKHe MMMYJIbCbl BO3HHKAIOT pH ysape 
Kall€JIb O Ibe30KPHCTaJJ. B JaibHelWieM STH MMMYJIbCbI YCHJIMBaIOTCA NO Hanps- 
XKCHHIO H C BBIXOAHOTO TpaHCopMatTopa YCHJIMTeJIA MOULHOCTH, MOCTPOeHHOrO Ha - 
aByx Jiammax 6I11II, nocne Brinpammenna monagaiorT Ha camonucen. Payuyc 
KallJIH OMpefesaeTcCA NO BeJIHUHHE OTKJIOHEHUA Nepa camomnuciia. 

IIpvemupii cocy Kahala JIA V3MePeHHA 3apsAfa OTIEJbHbIX KaleJIb COCTOUT 
M3 [BYX KOaKCHaJIbHbIX WMJIMHAPOB C KOHHYECKOH HacaXkoli B BepxHell uecTH 
(BHYTPeHHUi WMIMHAP SEKTPHYECKH H30/IMpOBaH OT BHelHero). Bricora BHell- 
Hero WMHHApa 12 cM, AMaMeTp ero MpHeMHOroO oTBepcTHA 2 CM, AMamerp mpHen- | 
HOrO OTBEPCTHA BHYTPeHHerO WuIHHApa 2,4 cm. Konnueckas HacaykKa B BepxHeli 
YaCTH MPHEMHOFO WHIMHApa MO3BOAeCT 3aXBaTbIBATb BO BHYTPeHHHH MWMIMHAP 
KallIM, Mayajoulwe BepTHKaJbHO H MOA yIJiOM K BepTHKaJH BVOTh To 60°. 
IIpHeMHUKOM 3apsJOB Kaleb ABIAeTCA BHYTPpeHHHM WHnMHEp. Bo BHYTPeH- © 
HEM 2K IIMJIMH pe HaXOAMTCH MbeSOKPUCTAaJIJI, C MOMOULbIO KOTOPOTO onpexensior- | 
CH Ppa3Mepbl Kanevb. 
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IIpwemubii cocy Kahala JIA H3MepeHHA TOKAa OCAAKOB UMeeT [MaMeTp IIpH- 
e€MHOM NoBepXxHocTH 10 cM H 3auMueH OT HeMocpeACTBEHHOPO BJIMAHHA QJIeKTPH- 
yeCKOrO MOJIA FPO30BbIX OOJAaKOB aJIIOMMHHeEBbIM OXPAHHbIM KOVIbILOM BbICOTOH 
10 cm. Jit yMeHbUIeHHA pa3sOpbI3rHBaHHA NMOCTyMaIOulMX Kaleb MpveMHas 
MaCTHHa 9TOTO KaHaJla NOKPbiTa JaTYHHOH CeTKOH, KOTOPad Mo Nepudepuu mpH- 
Nada K MpveMHoH MviacTHHe. BosHuKalollve Np pasOpLi3srHBaHHu Kaleb 3apA- 
[bl He YUMTHIBAIMCb HaMW BCJICACTBHe HX MaJIOCTH MO CpaBHeHHio C 3apsxAJOM 
caMUX KalleJib. 

KaHaJl JIA U3MepeHHA 3apsAa OTAeMbHbIX Kaleb TpakyupoBasica NO BOsA- 
HbIM KallJIAM 3afaHHOro pajiHyca, OTPbIBABINMMCHA OT KaleJIbHUIbl, KOTOPaAd Ha- 


+2506 
GU ar 


lM G-eh 


Camo- 
T1UCEU, 
600m 


+3006 
ol 
2x40 U-24 
Cama- 
i eucen, 
+700 
ja 
+2506 
+3006 \ 
60 
Noa Cie 
(=200 
Of Sse GMM 1n5 700 
oles i Uist 02 Ay P. 4 ie? 
GHZ. =) 2 LOD ch L Se = (Camo 
4000 Wh Si iS = S MUCEL, 
& CA = a | Oo 
S la S SS < QD SI Mh ras 
SAL a QU aru-24 < § 
Mace SS Of MUA yg S| S| | 
ee) Is <0 0 Ure ; S 8 6MN 
T ae CyervuK _ ay 


Puc. 1. IIpu6op ana u3sMepeHua 3apaqOB OCcayKOB 


XOJMIaCb B COCAMHEHHM C HCTOUHHKOM MOCTOAHHOTO HanpsxKeHHA. C MOMOMLbIO 
UPOOMHOK, MaaroulHx c ONpefesIeHHOH BbICOTHI Ha Mbe3OKPHCTamIMYeCKHH jaT- 
YK, MPOW3BORNacb PpalyupoBKka KaHaJla JA OMpedeeHuA pakuyca oTJesb- 
HbIX Kaleb. IIpu sToM (UKCHPOBaOCb MOKa3aHue CaMONUCIa, COOTBETCTBY1O- 
lee MayeHHio JPOOUHKH OMpeeNeHHOM MaccbI C 3afaHHOM BbICOTHI, HM ONpesensA- 
Jlacb MocTyMaollad Ha Mbe30KpHCTaWIMK S9Heprua. M3 MaGopaTOpHbIx OMbITOB 
6bIIO YCTAHOBJIEHO, ITO Nocwe pasroHa CBOOOAHO MaaiouluxX Kaleb NO ompeje- 
JI€CHHOH CKOPOCTH B JasbHelilieM HX JBHXKeCHHe COBePlalocb paBHOMepHO. 

B mpemou0xeHHw ycTaHOBMBWeroca PpaBHOMepHOrO JIBHXKeHHA Kallesib. 
NOKIA Mp UX MpHOMMxKeHHH K 3eEMHOH MOBEPXHOCTH JIA 3aBHCHMOCTH 9HEPrHun 
Kanetb E oT pafuyca r OyeM UMeTb 


Siro 
| a ial oe rah 
243 4 
rye p— MMOTHOCTb BelllecTBa KallJIH, g — yCKOpeHHe CHJIbl TAKECTH, 
4 — KoaulluenT BaA3KOCTH Bo3Lyxa. Ilo sTo# dopMy.le u ONpeeAHCh pasMe- 


pbl Kaleb. 
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CpaBHeHHe ONMCaHHOrO MeTOJa ONpeleIeHHA Pa3MepoB Kaleb C METOJOM OT- 
TlevaTKOB Ha (pPHJIbTPOBaJIbHOH OyMare NoKa3aJ10 BNOHE YIOBJIETBOPUTEIbHOe UX 
coruacHe. palyupoBka KaHaJla JIA H3MepeHHA TOKa OCANKOB OCYULECTBIAIACb 
nojaveli KOHTPOJILHOTO HaNpsAKeHHA Ha BXOAHOe ConpoTHuBJeHve KaHasla. Onn- 
CaHHbI HaMH MpHCop No3sBo/A (UKCHPOBaTb Pafuyc Kaleb B OOMACTH OT 
0,47 no 0,63 mm u 3apayq O6oMxX 3HaKOB B Quanasone ot 2-10-2 go 3,9-10-? 

CGSE. Tok ocaZkKoB Mor 
M3MepxATbcH B TpaHHllax 
ey A +3-10712 a/em?. Omm6xa 

Uae SESE = B H3MepeHHH sapxAya U pa- 

quyca KalleJib He MpeBbliilavia 

28 2%, B H3MepeHHu TOKa OCal- 

KOB floxonmusa to 7%. Ha 

puc. 2 mpuBefzeH oOpaselt 
3anucu mpHoopa *. 

Bcero 3a seto 1958 r. 
HaMH ObWIO 3apervcTpupo- 
BaHOo 10 rpo3, H3 KOTOPBIX 
6 WMeJIM JJIHTeIbHOCTb 60- 
gee 30 Muu. BObulaa yacTb 
3aperMCTPHpOBaHHbIX Tpo3 
XapaKTepH30BaJlaCb — BbICO- 
KOH HHTCHCHBHOCTbIO OcaJ- 
KOB (B BepXHeM peeve oO 
3,1 MM/MuH), y 2 KpaTKO- 
BPe€MeHHBIX TpoO3 HHTeEHCKB- 


Puc. 2, OOpazell cHHxXponHO s3amucH XapakTepucTHK yocTD oCalKOB HMela BelH- 
rpo3 
Po30B0ro NOX AA (BHXKeCHHE JICHTbI CAMOMHCHa BMpPasBo). uuHY 0,5 m/Mun. 


A —s3apayq kKanenb, 5 —oaxHeprua .Kanetb, B — ToK 
ocaKOB ToK ocaQKoB Mpu Irpo- 


3aX B OCHOBHOM Obl OTpH- 

waTeieH, XOTA B Hauawe H 
B KOHIe Ppo3bl OH OOLIMHO HMes HeOOJIbUTyIO NOJIOxKUTeIbHYIO BeHuKMHY. IIpu 
MpOXOXKeHHH Hal, MECTOM HaGJIOLeHUA WeHTpa rpo3bl TOK OCAXKOB YacTO MeHAJ 
BeJIMYHHY HW 3HaK, OCTABaACb MpeHMYyUIeCTBeEHHO OTPHWaTeIbHbIM. IIpu stom 
KPaTKOBpeMeHHBIe OPOCKH TOKAa B OOACTb OTPHUAaTeIbHbIX 3HAYCHHH MocTuraJu 
‘BemnunHE! —3-10-!? a/cem?. 

CpelHas yacToTa NonalaHuA Kaleb B MpMeMHbI Cocy KaHaJia Jia U3Mepe- 
HHA 3apsifla OTeJIbHbIX Kaleb MCHAACh MPH Tpo3ax pa3sJIMYHOM HHTCHCHBHOCTH 
or 6,9 no | B MuHyTy, MaKcuMaJIbHaA xe YacToTa JocTurana 1,7 B cekyHyy. 
Yactora nepeMeH 3Haka 3apsya He mpesocxogusa 0,8 B CeKyHIY. 

3a TepHo U3MepeHHA B MpHeMHbIi Cocy KaHasla JIA U3MepeHHA 3apaqa 
OTIeIbHBIX Kaleb Noctynusio 448 nowOxKUTeIbHBIX Kanelb u 534 OTPHLaTesb- 
HbIxX. B OMHOH U3 KPATKOBPeMeHHBIX PO3 NOJOXKUTEIbHO 3apAXKCHHbIX Kaleb 
He OblvIO 3aperucrpupoBano. 13 10 rpo3 B 6 uncHO OTPUUATeJbHO 3apAKeHHbIX 
KalleJIb IIpeBbILUaJIO UHUCIO 34PAKEHHBIX NOMORUTeMbHO. JA OTPULATEIbHO 3apA- 
2KCHHBIX Kalle/Ib CPeAHHH 3apAy Ha Karwito cocraplan —O0,02 CGSE, aa nowoxu- 
Teibupix +0,013 CGSE. Tlocrynusmmit B mpvemupili cocy, Kanal Jia u3Me- 
PeHHA 3apxAa OTIebHbIX Kaleb 3a BeCb MepHo] H3MepeHHH HeECKOMMeHCH po- 
BaHHbIit OTPHUaTebHbI s3apay Opwt pape —1988-10-% CGSE, nonoxu- 
Teibublt +971-10-* CGSE. Undpsi stu Opin noswyuexbl ceyrouluM 06pasom. 
BenvunHbl MpHHeCeHHBIX KalvIAMH 3apAOB Obwiu pasOuTHI Ha rpynnp. Jlaa 
KaxkJoH Ppynmbl 3apsAOB WaHHOro 3HaKa ONpelesaCA MTOFOBbIN 3apa, UTO- 
FOBbIe 3apxAbI NPOTHBONONORKHIX 3HAKOB B Kako rpynne BLMUTAIHCb H pe- 
3YJIbTATbI BBIUMTAHUA CYMMHPOBAIMCh Pa3lebHO B 3ABHCHMOCTH OT 3Haka 3aps- 
Na. TakuM o6pa30M yJlaslocb BLIACHUTb, YTO OTPHIMATeMbHbI 3apAy B uccuejoO- 


a 


* Konctpykuua mpw6opa mo Hallemy 3afanuio 6ulma “paspaOoraHa  HHiKeHepoM 
VM. M. Kanutanom. 
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“IIpHWMepHO COOTBeTCTBYeT NosIO Ha 


 6bIO 3apeFHCTPHpOBaHO HeMaJIo Ka- 


HO HIM He HMeBINHX BapxvAya, UJI 


UTO TIPH CHJIBHbIX Tpo3ax K 3eMHOH 


BaHHbIX HAMH TpO3SOBbIX OCafKax MPpeBbilllaJl COOTBETCTBYIOINNH MNOJOMKUTECJIb- 


Hb 3apay UpumMepHo B 2 pasa. STO MpeBocxoAHT uNdpy, NowyyeHHy1o 
Uanbmepcom (°). 

Puc. 3 JaeT THIMUHOe pacnpesesenve 3apafla NO KalWIAM JIA CHJIbHOM rpo- 
3b, B Muncke 22 VI 1958 r. 3necb cOpaiiaeT Ha CeO BHUMAHHE TO OCCTOATEIb- 
CTBO, UTO HaHOOJlbiuee 4YUCIO Kaleb MMeeT 3apAN, Nexallluli B OONacTH oT 
+2-10-% no +10-10-? CGSE u or —2-10-? no —10-10-% CGSE. Kpome: 
Toro, WIA TpOsoBbixX Wow Tel BecbMa 
XapakTepHoO HaJIWuHe Kaleb C 6oub- Wiecie 
IMM OTPHWaTeJIbHbIM 3apsoM, Hapy- 
warollee CHMMeTpHIO B_ pacnpeyene-_ ae 
HMM MO KalIAM MOJOMKUTeEMbHOTO U 
OTPHUaTeIbuOTO 3apsH JOB. 

Jina 100 Kanetb nomMuMo 3apsqa 
Obl ONpefeeH UX paguyc. IIpu stom 
B JiManazsoHe pafuycos oT 0,47 zo 
0,63 MM MaKCHMaJIbHbIM 3apsay Ha 
Kali0 H3MCHAJICA B Mmpeemax oT 
=2-10-" 7103,9-107? "CGSE,. uo 


Yucso0 Melene 7G ap 


MOBepXHOCTH Kamin nopsgKa 0,1 


Japad kane ————>— 
\ 


a S We 
CGSE. Bowbumi MakCuMaJIbHBINM 3a- 
PA COOTBETCTBOBA KamiaM OoJb- -17 
mero pa3sMepa, OJHaKO C MOMOILIbIO 


Mbeso9IeKTpHYecKoro aTuuKa Hamu ~22 
NesIb, AMCBINMX 3HAUNTEbHYIOMACCY, “a7 


MMEBIUMX 3apA, JlexaBlunH 3a mpe- 
JlelaMu UYBCTBHTeJILHOCTH mpHopa. -77 
V3 HamMx u3MepeHui CJleLyer, 

nlosepxHiocTH c ocaxkamn fnocrynaer PHC: 8. Tpmwep, pacnpexezem, sepaza, no 
Ooulee 3HAUHTEJIbHBIN OTPHUATeJIbHbIH B Muucke 
3apA, YeM NPHHUMasOCb oO CHXx Nop. 
Pacnpefeenue 3apsaya Oo KaliAM B YpO380BbIX oOCa—KaX aCHMMeTPH4HO 
3a CueT HaJIMYMA Ha UaCTH Kaneb CONbIWMX OTPHUAaTeIbHbIX 3apsAJOB, 
uTO He UMeeT aHaslora JIA Kanellb, 3aPA%KeHHBIX NooxKUTeIbHO (4,5). 
SapaxAfbl Kaleb TpO30BbIX OCaKOB y 3€MHOM MOBeEPXHOCTH UMMEIOT HECKOJIbKO 
MeHbIIYiO BeJIMUMHY, YeM HaGsIOLaBuiMeca TanHom (1,2) B rpo3s0BbIxX oONakKaXx, 
4YTO OOSACHAeETCA HelTpalusauMeH uacTH 3apAya KaNesib pH UX NajeHHu K 
3eMHOH NoBepxHocTH. B ocTaibHOM HalUH W3MepeHHA MOATBEPKawT COOT- 
BeTCTBYlollMe H3MepeHHa Tanna c camoviera (!,”) H Ha3eMHBIe HaOMIONeHuaA Uasb- 
Mepca (°). 

Tloerynuno 

24 IX 1958 
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Jloxaagn Akagemun nayrk CCCP 
1959. Tom 127, Ne 2 


TEXHHYECKAA PH3HKA 
H. A. KPOTOBA, JI. Tl. MOPO3OBA u Lr. A. COKOJIMHA 


MEXAHHYECKHE XAPAKTEPHCTHKH AXTE3HH TOJIMMEPOB 
(ITpedemasaeno akademuxom IT. A. Pe6undepom 28 III 1959) 


Anresv1i0 IByX TBep]bIX MOBePXHOCTeH MO2%KHO ONpeeATb MeXaHHYeCKHM 
IlyTeM M10 yAeJIbHOMY OTPLIBalOleMy YCHJIMIO HIM TO padoTe orppiBa. Ha npak- 
THKe B OObIUHDIX YCJIOBHAX IKCMEPHMeHTAa OMpPeNeAT aresvi0 MO OTPbIBalO- 
uleMy yCuJIv10 HeyOOHO, TaK KaK OTPbIB OCYUIECTBJIAeTCA He OMHOBPeMeHHO TIO 
BCeM TOUKAM MOBep XHOCTH. 

Uccelqopanve afresvorpaMM UMeeT CyWleCTBeHHOe 3HaYeHHe MIA BbIACHEe- 
HHA XapakTepa are3HOHHOM CBxA3H MexKy MOJIMMepoM H MOAKIaytKon (+ °). On- 
HakoO oMpejeleHie paOoTbI OTPbIBa C NOCeyIOUMMM MOCTpOeHHeM ajresHo- 
rpaMMbl Tipu 3ajlaBaeMOH Harpy3ke MH PerHCTpHPpyeMOM BPeMeHH OTPbIBa He | 
Bcera OKa3bIBaeTCA YJOOHbIM, TaK KaK OMIIbIT NOKa3bIBaeT, YTO B HEKOTOPbIX 
cy4aAX IKCNEPHMEeHTAJIbHbIC TOUKH Ha aresHorpaMMe rpyMMUpyioTcA HepaBHO- 
MepHo. Meroj He JaeT BO3MOXHOCTH PerHCTPHPOBaTb TOHKHe H3MCHEHHA Halips- 
X%KeHHA B Mpollecce OTPbIBA MWICHKH, OOYCJIOBMBaeMbIe HEOJMHAKOBOM MpouHo- 
CTbIO ajlre3HOHHOH CBA3M IWICHKH C pa3JIMYHbIMH yYacTKaMH NOAKAaKu. 

Boulee NouJIHyIO XApaKTepHCTHKY alre3HH MO2XKHO MOJIYYNTb C MOMOLLbIO pas- 
paOoTaHHOrO HaMH KOMIWIeKCHOFO ajresHoMerTpa C 3ajlaBaeMOl CKOPOCThiO (C M10- 
MOII[bIO KOPOOKH CKOpoctTelt) H C perucTpallveH KOMeOaHHA HallpsxKeHHA pu 
OTpbipe mIeHKH. IIpu6op nosBouAeT TakKe OMpPeAeMATh YWeNbHOe OTPbIBarollkee 
ycuuine (puc. 1). Ha crofixe / HaxoQuTCA NOJBHXKHaAA “aCcTh 2, CcoeMMHeEHHAA 
¢ HW KHeH KJleMMOH 4, B KOTOPY!O 3allpaBJleH HCNbITYeMbIN OOpasell. ITY uacTb 
MOXKHO OTBOJUTb BHM3 C MOMOMLbIO YEPBAUHOH Nepewaun 3; 5 — AMHaMoMeTpH- 
yecKoe ycTpolicrso;, 6 — uikKalla Jia rpyOoro oTcueTa JIMHbI OTPbIBAaeMOn 
MWIeHKH H 7 — JIMMO Cc JeeHHAMM JIA Ooslee TOUHOTO oTCUeTa; 8 — MpPH3MBI, 
Ha KOTOpble OlMpaeTcA MlacTHHKa-MHaMoMeTp 9; /O0 — mIKasla AWA oTC eTa 
uporn6a AuHamMometpa. OOpasell JIA HCNbITaHHA padoTH! OTppIBa /4 npeycraB- 
JimeT coOoI0 POJIMK, BpalllaioulMiicd Ha WapHKONOAWMNHNKe, OT KOTOpOrO 
OTPbIBaeTCA MpeLBapHTeJIbHO HaneCeHHasd Ha Hero MeHKa MomMMepa 15. Bepx- ' 
HUH CBOOOAHDIM KOHEI 3a%KaT B KJICMMy, COeHHEHHYIO C JHHAaMOMeTPOM. 

IImeHka HaHOCHTCA Ha POJIMK MPH MpOXO*AeCHHH eFO Yepes KIOBETY C PacTBo- 
poM nmomuMepa, KoTOpad 3aTem yOupaetca. IIpu BpalleHHu pomukKa Cc *®HAKOM 
MJI€HKOH JOCTHraeTcA ee PaBHOMepHoOe paciipesesieHve Ha MOBepXHOCTH NOJ- 
KaKH HW MpovcxoquT ucnapeHve pacTBopuTews. 

Ja perucrpaluu KojeOaHHi HanpsxKeHHA MO%KHO MPHMe€HHTb MeTO,, CKO- 
POCTHOM KHHOCbeEMKH WIM HCHOMb3OBaTb BJIEKTPHYeCKHE TEH3OMETPbI COMPOTHB- 
aeHua.MerTox CKOpOcTHOH KHHOCbEMKH HECKOJIbKO TPOMO310K ,OCOOeEHHO MPH OTPBI- 
Be JWIMHHOM MmomocKH. YAoOHee KOMeOAHUA Hap AKEHHA ONPeLeMATb C MOMOLLbIO | 
TeH30qaTUHKOB. Ha puc. 2 mpescraBlena O10K-cXeMa JMHAMOMeTpHyecKOrO 
yerpolicrBa. OTpbiB C 3aaBaeMOli CKOPOCTbIO OCYLILECTBIAeTCA C HOMOLLbIO 
KOPOOKH CKOpocTeH, CHaOXeHHOM MarHUuTHO MydToli (ycKOBoH MexaHu3M). | 

JlaTunKM COMPOTHBJeHHA MpuKeuBaloTCA K CTaJIbHOM (He jlalouleli octTa- 
TOUHBIX HePopMaluit) MlacTHHKe-MHaMOMeTPY HM BKJIIOUAIOTCH B MOCTOBYIO CXe- 
MY yCTaHOBKH, CocTosileH u3 ycumuTeia Tuna YJ[3-M u craOutu3supoBaHHoro 
BolipamutesaA YCB-2 k Hemy. Ilocne mpeaBapuTebHoro OanaHcupoBaHua MoctTa 
CurHad NOfaeTcA Ha WWeloBpr ocimorpad MIIO-2. Tak kak BenmunHa HalpAe | 
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€HUA OTPbIBa 3aBHCHT OT CKOPOCTH mpolecca HU KOeOIeETCA B 3HAYHTebHbIX 
pefelax, TO NPHXOAUTCA paOoTaTb MIM M3MeCHAA WMana30H yCueHHA, HIM xe 
PUMeHAA LWWevdbl pasM4YHOH UyBCTBHTebHOCTH. Kpome Toro, MOxKHO H3- 
€HATb UYBCTBHTeEIbHOCTb JH- 
aMOMeTpa, H3MeHAA pacctTo- 
Hue Mexy TOUKOH KpemJe- 
UA MW TOUKOW MPHOReHUA CH- 
bl. KasHuOpopka ,HHaMOoMeTpa 
pousBoyHTcaA pa3JIMUHbIMH 
(Ppy3aMH M3BeCTHOM BeJIMUNHDI. 

M3 momyueHHbIX JjaHHbIXx 
ycpeyHeHHOH BeJIMUHHDI Hall- 
AXKCHHA IPH OTPbIBe) MOXKeT 
bITb BbIUMCIeHa PaOoTa OTPbI- 
Ba H ompefleseHbl koeOaHna 
allpAxKeHHA B mpouecce. Pa- 
OTY OTPbIBA MOXHO TakxKe 
WpesqelATh nouWlatbwo, orpa- 
HHYCHHOK  COOTBETCTBYIOUIeH 
KPHBOH WH OTPe3sKaMH OPHHAaT 
Ha OCIWHWIOrpaMMe. 

Ilpu ucceqoBaHuu 3aBNcH- 
MOCTH paOoTbI OTpbIBa A OT 
cKOPOCTH U C MOMOLLbIO OnMCaH- 
HOrO aflreswvoMeTpa HaOviojla- 
OTCA B OOWLEM Te %Ke 3aKOHO- 
MepHOCTH, 4TO H pH padote 
Ha POJIMKOBOM ajlresHomMeTpe 
AP-1. Ilo Hospow MeroquKe 
MOXKHO HaOWioLaTb OMOHU- 
TeJIbHO BeCbMa MHHTepecHble 
OcOOeHHOCTH Mporecca OTPHI- pyc, |, Anresvometp c 3aaBaemMoli cCKOpocTbIO AA 
Ba, ad HMMCHHO 3aKOHOMCPHBIC onmpesemenuA paOorbl OTPhIBa, OTPbIBaIOUlerO ycuHA 
KONeOaHHA HalpsAxKeHHA. u koeOaHHi HaNpsAxKeHuA pH oTpbipe. J — oOmni 
Ha puc. 3 npegctapnena 2" IT — cxema Kpemenua oOpasiop AA ompeyese- 


HHA ycCumHua orpbipa, /// — cxemMa KpelleHHA oOpas3- 
OCHHIMOrpaMMa CMCTeEMBI TYT- yop ana onpegenenua pa6ornl orppipa, /V — Buy o6- 
Tanepua — CTaJib (a) M OeH3HI- pasloB WIA ONpeseeHHA OTPbIBalOWero yCHIMA H 


UeJIJIIOIO3a — CTalb (0), CHA- (opMbl JIA MX MpHroToBJeHHA 

The mpH v = 1,7 cm/cex*. Ko- 

meOaHuaA HalpAKeHHA Ha OCIMMOrpaMMe He CJlydaHHbl. OHH MOryT ObITb cono- 
cTaBJICHbI C PpaHee HaGJOLaBLUIMMUCA HAMM NepHOMMYeCKHMH ABJICHHAMH JJIeCKT- 
DHYeCKOTO pa3spxjla MPH OTPHIBe MIeHKH (°) H MoryT ObITb OTHECeHbI K THIY aB- 
rOopeaKCallMOHHbIX KONeOAaHHH, HaOJOfaeMbIX TakxKe MPH CyXOM TpeHHH ('). 

XapakTepv30BaTb ajresHio MO paOoTe OTPHIBa yYMOOHO TONbKO JIA N0- 
IMMEPOB, HAXOJAULHXCA B 3IACTHYHOM COCTOAHHH, aresnio %Ke XPyNKOM MIeH- 
KM CTeKNOOOPa3sHOrO MOMMMepa culeyeT XapaKTePH30BaTb MO OTPbIBAaIOLLeMy 
ycunuio. C MOMONLbIO ONMCaHHOrO NpHOopa MO*KHO ONPeeNATh HE TOKO Ppa- 
JOTY OTPbIBa, HO MH OTPbIBAaIOLee YCHJIMe MPM YCOBHH, 4TO Mpomecc WIMTCA OUCHb 
<OPOTKOe BPeMA, B TeEYeHHE KOTOPOFO MepBOHAYaJIbHO HaMeTHBWIAACA TpeulMHa 
ie ycmeeT pa3BHTbCA HM, KPpOMe TOPO, ABJICHHA TeKYYeECTH CaMOM MICHKM MOJIH- 
Mepa OyyT CKa3bIBaTbCA O4e€Hb MaJIO. 

Anaiv3 OTpbIBa JBYX WHIHHAPOB B STHX YCJIOBHAX MPOMSBOAMJICA HaMH C M0- 
MOULbIO METOAOB CKOPOCTHOM KHHOCbeMKH. OOpasell WIA ONpeeeHHA yes bHOTO 
TPHIBAIOLLerO YCHMMA MpeAcTaBAeT COOOIO [Ba MeTaJIMYeECKHX IMJIMH Apa C mpo- 
OMKOU NOMMepa Mex Ay HAMM TOMULMHOIO 200—300 uw (puc. 1, 11, 15). PacrBop 


* TIpv ucnomb30BaHuH Gomee uyBcTBUTebHOrTO UINelpa (OCUMANOrpamMMa OeHS3uJleu- 
101034 — CTaJIb) WMBHHAa MHA yBeHunBaeTca 3a CueT HaBOAOK, HAyULMxX OT reHepaTopa 
/CHAMTOVIA. 
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4 
NOJMMepa HaHOCHTCA Ha OCHOBaHHA OOOUX WHIMHAPOB 16. Tlocne nofcylIuBaHus | 
B TeyeHHe 3—5 MHH. IMJIMHIPbl COCMHHAIOTCA CBOHMH OCHOBaHHAMH HM BKJa- 
JIbIBAIOTCA B CiellHasbHble (OpMOUKH /7 C OTBEPCTHAMH JIA UCNapeHHA OCTAB- 


weroca pacTBoputeia. Ecau TpeOyerca’ nporpeB (HampuMep, B clyyae TyTTa-3 
nepuv), TO PopMoyuKa c OOpasilaMH - 


si a a MOMelaeTCA B TePMOCTAT C Tpe- 
nanprovenut Yeunumens BE: 6yemolt Temnepatypou. LunHHzpEl 
Getpopmauul Wnetipobout 


ObIJIM M3rOTOBJICHbI Hi Pa3sJIMUHbIX) 


| dameuka MeTaJIJIOB (Mew Hu crauiH). Tlopepx-! 


Aamuuk Gna 
brewned HOCTb Meu pudwleHas, Tora Kak, 
Ganancupodhu NOBePpXHOCTb CTaJIH NOJIMpOBaHa. 


Tlomumep nogo6paH Takum | oOpa-( 
30M, 4TO afre3Ha ero K Me]H BBI- 
me, ueM K CTasIH (KaK H3BeCTHO, 
STY OCOGe€HHOCTh OOHaApyKHBaloT 
KayuykooOpa3Hble NOMMepbl) .OTOT 
Puc. 2. Baok-cxema JMHaMometpHueckoit yactu CMOCOO MpHYOTOBMeHHA OOpa3lloB 
agre3HOMeTpa C 3ayapaemon CKOPOCcTbIO OTPHIBa MMeeT LeJIbIO NOJIYUATb bh OTPBIBi 

nouMepa ajre3HOHHOrO THNa B 
gaylaHHoM yuacTKe. Ilocne mnpuroToBeHHA OCOpa3ulbl 3akpenwAloTCA WMHJIb- 
KOH B KJIeMMbI /2 H WeHTPHPy!IOTCA C MOMOLLbIO ycTpolictBa 10d. 


6 
Puc. 3. 


Ommemauk 
Gpemenu 


M-104 


Cmabunusu- 
podannolll 
Goinpamument 


YCB-2 


O6bekTaMmu uccueqOBaHHA ajire3HU C NOMOLUILbIO HOBOH MC€TOAMKH CJIY2KHII TyT- 
Tanepya HU COMOJIMMepbI OyTawMeHCTHPOMbHOrO kayuyKa 


ann GH rel SCE Ciba aes elated ag llaaes rae ie emia 


( 
Y 
C MeTaKpHJOBOH KUCOTON 
CH2z = C— COOH 


| 
CHs 


Yvco0 KapOOKCHJIbHbIX Ppynl B WeEMW H3MCHAECTCA COOTBETCTBEHHO cojlep>Ka-| 
HMIO MeTaKPHJOBOH KMCJOTHI B MOMMepe. OnbiT NOKa3bIBaeT, YTO NPV OBICTPOM 
OTpbIBe JOCTHTaeTCA NOJHOe OTCTaBaHHe MVJICHKH NOMMepa OT NOBepXHOCTH 
cTaJlM, KOTOpad moce OTPbIBa MpefcTaByiaeT coGo1o GylecTsAllee 3epKabue. 
OropBaHHad MOBEPXHOCTh MOJIMMepa ABJIACTCA 3EPKabHO TvalKol. | 

PerncrpalluaA pocta HanpsaxeHni U pocTa 3a30POB MexKLy OTPbIBaIOULMMUCs | 
MOBePXHOCTAMM MIPpOM3BOAHTCA B Pe3yMbTATe CKOPOCTHOM KHHOCbeEMKH Mporn6al 
T}MHAMOMETPa H, COOTBETCTBCHHO, PaCCTOAHHH Mexy OCHOBAHHAMH LHAWHApH- 
YeCKUX .OOpasiloB. CbeMKa MPOH3BOJMTCA KHHOKaMepoH CKC co cKOpocTBIO! 
3000 kagpos/cek (ctpea mporu6a AuHamomertpa) u 8000 Kagpos/cek (3a30pbl).! 
Ormetka BPeMCHH OCYINeCTBAACTCA 3ACBEYHBAHHeM KPa KHHOJICHTLI HEOHOBOH 
JaMNOUKOK C M3BecTHBIM NepHonoM. IIpomecc pasbeqMHeEHUA WIHHLpOB 3aHH-| 
Maet 1/500 cek., pocT HanpAxKeHHA B OOpasile Gonee DuTeNeH (ecATHIC OH 
cekyHbI). IIpocmorp dbusibMa pocTa 3a30poB C COOTBETCTBYIONHM 3aMesIeHHeM 
(yma BpemMenu) faeT KapTHHy MocTeneHHO yBenMuMBatollelica menu MEK, 
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OTPbIBAIOWIHMHCA MOBepXHOcTAMH. Pe3yJIbTaTbI aHaJIH3a MOJYYeHHBIX JaHHbIX 
jC MOMOLMbIO KHHOJemMppatopa Aavbl Ha puce. 4. 

M3 puc. 4 J BugqHO, uTO B TeyeHHe MOCIeAHUX COTHIX Jone ceKY Hbt 
Tepe pa3pbIBOM HalpsxKeHHe CPaBHHTe/IbHO MaJIO MeCHACTCA, 3aTCM 3a 


3:107-* cek. OHO naylaeT 
yO HYJIa. 

B Hayate mpotecca 
OTpbIBa paccroaHue h pac- 
‘Tet Ooslee MedvIeHHO (puc. 
ATI), co ckopocrbi, yBe- 
| IMYMBAIOWeHCA BIVIOTb Jo 
‘TOUKH Q, 3aTeM 3aBHCH- 
‘MocTb A ot ¢ cranopircs 
| quHenHoH. Cpequaa BemH- 


| 


uHHa aflre3uu ryTranepun 
‘“KcTaJiM 0 J@aHHbIM MaK- 
-CHMAJIbHOTO Halps>KeHHA 
-orppipa paBpua 5001 /mM ?. 
_ _Cromolibio onucaHHori 
MeCTOJHKH OblWIO HCCTeqO- 
BaHO BJIMAHHe yBesMUH- 
Balolleroca ucla Kap6o- 
KCHJIBHbIX Tpynn B lWenou- 
Ke conomumMepa CKC ui Mee 


iM 
i 8 
T/mmé 
600 6 
00 4 
‘o of 
200 2 
0 - i] z 
Pan, A Gi BAGIM IG 2. FO wk 
Bo DR, fiero 


Puc. 4. Mccnenqopanue pocta 3a30poB A u HanpsmKeHH O 

IIpH OTpbipe ZByX WHJIMHZPOB B CyHKWHH BPeMeHH C IOMOLIbIO 

CKOPOCTHOH KHHOCbeMKH. J — H3MeHEHHe HalpAxKeHHH, 

IT — M3mMeHeHHe paccTOAHHH MexKAy OCHOBAHHAMH OTPbIBalo= 
IUXCA WHIHHApPOB B PyHKUMH BpeMeHH 


-TaKPHJIOBOH KUCJOTHI Mp NOBbIMIeCHHM COfepxKaHHA NocMeHeH B COMONMMepe. 
TlonyyeHbI culemkyroulve BeIMUYMHbI afre3sHu, XapakTepH3yeMble NO YyCHHIO 
oTppipa (P — yJesibHoe OTpbIBalollee ycHuHe): 


Cogepx. MeTakKpHOBOH K-THI, % 1,5 5 10 20 


P, T/cm? 


55,6 83,3 136 166 


-C ysBenuuenvem uucna COOH-rpynn orpprpatonlee ycutue P pacter, uT0 yKa3bi- 
BaeT Ha AKTHBHOCTb 9THX FpyNMl_B OTHOMIeHHH alresHu. 

Pe3ybTaTbI STOFO HCC EOBAHHA NO3SBOJAIOT CUHTATb, YTO HAapALy c paboron 
OTPbIBa XAPaKTePHCTHKONM aTe3HH MOXKeT ABJIATbCA HM yeIbHOe OTPbIBarollee 
ycuue. Eciu OTpbIB MpOH3BOAHTCA MOcTaTOUHO ObICTpO, MOMyYeHHe STO xXa- 
PakTepHCTHKH afTe3HH CTAHOBHTCA 3KCMEPHMeHTaIbHO OCYUIECTBHMbIM, Tak 
Kak CKOPOCTb Pa3BUTHA TPeULHH, BOSHHKAIOULMX B ClaObIlX MeCTaXx, He MpeBbillaerT 
CKOPOCTH, C KOTOPOH pa3beMHHAIOTCA Apyrue yuacTKK KOHTAKTHPYIOULHX MOBepXx- 
HOCTeH, H MpOllecc OTPbIBA MPOMCXOUT B Me€PBOM MpHOMHXKeHHH OJHOBPeMeHHO: 
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Jloxnage Akanemun nayr CCCP 
1959. Tow 127, Ne 2 


TEXHHYECKAA PH3BHKA 


B. HW. CAPPAK u P. WH. SHTHH 


O PEJIAKCALLMOHHbIX NPOWECCAX MPH OTAbIXE WH HAU3KOM 
OTNYCKE 3AKAJIEHHOM CTAJIN 


(ITpedcmaenexo axademuxom T. B. Kypdtwmocoim 30 III 1959) 


ConmpoTuBsleHve pa3pylleHHIO H CONpOTHBJeHHe MlacTHyeckou epopMalun 
‘3aKaJIGHHOHM CTaIH HM MerHpoBaHHoro (beppuTa 3aBHCAT OT BPeMeHH, Mpowey- 
mero OT MOMeHTa 3aKaJIKH JO Havasia MCMbITaHHH. OTAbIX H HH3KHU OTIMYCK 3a- 
KaJI@HHOM CTaIM MPWBOAAT K 3HaYHTebHOMY YBeJIMYCHHIO HCTHHHOFO COMpo- 
THBJICHHA Pa3PbIBY, OTHOCHTEJIbHOrO CYKCHHA HM OTHOCHTEIbHOFO yWIMHeHHA. 
IIpu 6oubuIOH WIMTeMbHOCTH OTAbIXa Ppa3spylleHHe cpeAHeyreposMcTOH cTaJM 
MPpOMCXOAMT MOCNe 3HaYHTeMbHOM MacTHYecKOH AedopmMalun. OriblxX H HH3KHH | 
OTMYCK IPHBOJAT TakxKe BO MHOFHX CyyaAtx K Ooslee MeJJIeEHHOMY CHH2KCHHIO © 
MPOUHOCTH 3aKaJIeHHOM CTasIM IPH 3afepxKaHHOM paspyuienuy (1~ 3). Oru apdek- » 
TbI MOXKHO CBASHIBATh C MPOTeKAHHeM (PasoOBblX MpeBPalleHHH WIM C pelakcallMOH- 
HBIMH mmpoleccamu. 

B HacTosmed paOote Ia HcCIeOBaHHA BbIOpaHbl CTaJM CJIefyroulero Cco- 
TaBa (B %): 0321 C, 1,6. Mn, 1,6 Cr (20XT); 0;22°C, 196 Si, 2°89 Mn (20C21 33 
0:21 C,.2,0F Si, 3,02* Mn; 1585" Cr,.<1,83-Ni,, Lo7 Wi@ee2l sno xm) ens 
pOBaHHe KPe€MHHEM HM BaHajleM Ip cosepxaHuH yruepona oKoNO 0,2% ToumKHO 
MOBbILMATh TeMMepaTypy Havasia pacnajla MapTeHCHTa; TaK, H3BeCTHO, 4TO AIA 
eran 20C2T3H2X® pacnaq Maprencuta He HayHMHaeTcH JO 350—400° ('). 

OnpeweseHHe H3MeHEHHA Tpesesa MpOuUHOCTH 3aKaeHHbIx c 1100° B Bone 
-OOpa3slloB Mocle OTAbIXa WH OTMYCKa NPOH3BOAUMOCh Ha MPOBOJIOUHBIX OOpa3zllax 
MametTpom 0,7 mm (ra6m. 1). 


Pa Gar wiae 4 


IIpeqem mposnoctu mocie pasmuyHbIX OOpaboToK (KI’/mm?)* 


Oryzbix OrnycK Ornyck 
Crasib SakankKa 1 cyTKu 4 uac 1 4wac 
npu 20° mpu 100° pu 200° 


20XT 120 — 160 150 
20C2T3 110—120 150 170 150—160 
20C2T3H2X® ~~ | 110 —120 | 150—160 170 150—160 


* Kankace sHaueHve — cpeqHee H3 pesybTaToB HCMBI- 
TaHHA He mMeHee 4eM 5D—6 OO pasos. 


IIpezea mpounoctu o6pasnos cramu 20C2T3, Buiep2xKaHHbIxX Mocme 3akaJ KM 
mph —196° B Teyenve 30 yac., ocTasica TAKHM %Ke, KaK U Oce 3akaJKH. 
YaapHad BasKoctb ctamM 20C2T3H2X®, cocrapapmiaa nocie 3akanKH | 
c 1100° 8 Bogy 1,5 xrm/cm?, nocne otmycka npu 200° nosbicusacb Jo 5 Kr ‘cm? | 
(Ha oOpasuax Menaxe). 
H3mMepeHve WIMpHHbI PeHTTeHOBCKOM MHTepepeHIMOHHOH JMHHM MpOH3BOLH- . 
JlOCb Ha HOHM3AUMOHHOK PeHTreHOBCKO ycraHoBKe YPC-50 u B xKeesHOM OGuTY- | 
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leHuuH. Onpenenaach wWupuHa AHHH (211) «-xenesa Ha O6pasuax 3 X 20 x 
x 25 MM B ciryyae cram 20C213H2X® u Ha mpoBonouHEIX OOpasiax WMaMeTpoM 
),7 MM B cnyyae cTamM 20C213. Towyuennpie JaHHEIe CBefeHbI B TAG. 2. 
| Ta6Oauna 2 


M3meHeHve WHpHHb AuHuH (211) B saBucMMOcTH OT OOpaGoTKu (10-3 pagnaH)* 


eee OrnycK 
Crab SakasKa 1 cyTKu 
mpu 20° 100° | 200° 250° 300° 350° 
=| 
20C2T3H2X® 34,9 — | 34,4 BVA cay |p Svar all a2 iy IPA) ois 
20C2T3 Syl By) 5) 31,0 — --- — -= 


* Kaxkjoe sHayeHne — cpezuee v3 6—8 u3MepeHHit WMpHHbI tun; cpenne- 


| KBaypaTwyeckad OWMOKa usMepeHni + 0,4-10-% paguan. 


- OTJbIX He MPHBOANT K H3MCHEHHIO WHPHHEI HHTepdepenuni. IIpu ormycKke 
4a,100 4 200° HaOsogaetca HeOOMbUIOe YMeHbINeHMe WMPHHbI IMHMM, OHaKO He- 
H3MCHHOCTb WIMPHHbI JIMHAM pu Oovlee BHICOKOM TemMMepaType oTMycka M Apy- 
rue JaHHbie (°,°) MO3BOJIAIOT YTBep2KLaTb, YTO OHO HE CBA3aHO C HayaJIOM pac- 
layla MapTeHcura. PasMbiTocTb JIMHHH MapTeHCHTa OMpeyeAeTCA HaMUMeM yupy- 
‘ou AeopMaiun (uckaxkenntt II poga) B MuKpooOsacTax (*). Hexoropoe yMeHb- 
eHHe WHPHHbI JIMHMM Mp OTMyCKe B yKa3aHHbIX CTAJIAX MOKET ObITh CBAZAHO 
> YaCTHYHBIM YCTPaHeHHeM 9THX MCKaxKeHHi. 


4 . é 12 6 20 vac. 


Puc. 1. KuueTuka H3MeHeHHA Mpexeta MpouHOCcTH GO H BHYT- 
penuero TpeHua Q-! 3akaneHHolt cranmu 20C2T3 npu 20° 


Msyuenve KHHETHKH OTIbIXa 3akaJleHHOr cTramM 20C21P3 noKasao, uo mpoy- 
HOCTb BO3PAaCTaeT JO NpeAesIbHOFO 3HaAYeHHA MOCe S—6 Yac. BbIAep2xKKU MPU KOM- 
HaTHOM TeMMepaType, Mocue vero He MeHAeCTCA, MPHUeM MOBbILIeHHe MPpOUHOCTH 
COMpPOBO*KaeTCA YMEHbIICHHeM BHYTPeHHerO TpeHuA (puc. 1), ypoBeHb KoTOporo 
nocue 3aKkaJIKH CHJIbHO MOBbIIaeTca. BHyTpeHHee TpeHve mMocse 6-4acoBoro OT- 
\bIXa JOCTHTaeT MOUTH TAaKOFO *%Ke 3HAYCHUA, Kak y OTMyWeHHOM mpH 200° cra- 
mm. Ornyck mpu TeMmepatype Bprie 200° yxKe NOUTH He BIMAeT Ha YPOBEHb BHYT- 
PeHHero TPeCHHA pH KOMHAaTHOM TeMMepaType. 

Iloppmuenue BHYTPeHHerO TPpeHHA HMeeT MecTO Takxe TOCe epopmMaluH, 
IpHueM B XOJe OTIbIXa BHYTPeHHee TpeHue MocJe AepopMaluu Opicrpo yMeHb- 
WaeTca WH B CJlyuae KeNe3a aPMKO (*) MONTH WOCTHFaeT UCXOMHOTO YPOBHA Toce 
10-uacoporo oTybiIXa MPH KOMHATHOM TeMMepaType; TBEPOCTb Ip 9TOM He Me- 
uneTca. B cayuae epopMUPOBaHHOH MaTyHU OTbIX MPH KOMHAaTHOM TemmepaType 
IPHBOLUT K CHHOKCHHIO BHYTPeHHeFO TPeHUA MOUTH LO ypoBHA HemedopMupoBaH- 
HOrO OOpasila; TBeEpAOCTb H MOLYJb ypyrocru LocTuratoT ucxOAHOrO 3HadeHHA 
TOMbKO Mocse peKpucTaIMsalluM mpu 275°, mpHyem mocie ormycKa mpu 200° 
TBepOCTh [a2xKe HeCKOMbKO BbILIe, FEM Moce AeopManun (°). 
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Ha Tex 2Ke CTaInX H3y¥asOCcb H3MeHeHHe BHYTPeHHErO TPeHHA pH orien 
Buytpennee TpeHue oMnpesersOcb MeTOLOM CBOOOJHEIX KPYTHJIBHBIX die a- 
HH mp yacrore ~1 ry Ha yCTaHOBKe, H3rOTOBJI€HHOH M10 DGasuy ripuOopa Ka-| 
cbenppl (usnKH MockoBcKOro MHCTHTYTa CTA PK®-MHC Gy) Hismepenusl n1po- 
USBOAMIM pH HarpeBe Jo 200° u Jasee Yepes KaxKbIe 50° c 1-uacopon BbIJePAK- | 
KOH MPH KaxKOH TeMMepatype BIIJIOTb JO 450—s00". Bo sBceex cilyyaax B xope’ 
oTnycka HaGl0fasocb yMeHbIueHHe nuka mpH 200°, cMelleHHe ero B CTOPOHY| 
6onee BLICOKHX TEMNepaTyPp H YMeHbLUWeHHe eFO INMPHHbI BCeCTBUe UCYe3HOBeHU AS 


yaCTH IHKa CO CTOPOHbI HH3KUX Temnepatyp (Puc. 2). 
YMeHbIMeHHe BBICOThI MHKa’ 


npu 200° nocie oTmycka pH 
200° mpoucxofMT Kak B CTaJIA 
20XI, pacna MapTeHcHTa B 
KOTOpOH HauMHaeTca mpH 250°,4 
Tak WH B ctamu 20C2T3H2X9, 


2 pacniayla MapTeHCHTa B  KOTO- 
S poli He mpoucxogzuT Jo 300—} 
Jey —400°. 


Bce 9TO CBHJeTesIbCTByeT, 
OUeBHIHO, O TOM, 4TO H3MeHe- 
HHe BbICOTH] nuKa mpH 200° 
8 60 = 40 320. 40% CBA3aHO HEC pacmayoM MapTeH- 


CHTa, a C peJIaKCallHOHHbIMH 
Puc. F2. Usmenenne nuxa Fnpu [200° Bs cTanu : } 


mpoweccaMH. 
20C2P3H2X® B pesynbtate {oTMycKkKa Mpu pa3HBIx 
Temnepatypax Ha’) cramax ») 20X15ea 


20C2T3H2@ nytTem wH3Mepe- 
HHA MPH AByxX yacToTax Oblvla onpefemeHa SHEPrHA aAKTHBalMH Mporecca,| 
NpHBOLAMerocH K NOABJeEHHIO NHKa pH} 200°, nocie 3akankKH M OTNYCKa 
mpu 250°. C nomoulbio MOyYeHHbIX 3HAYeHHH SHEP aKTHBAaMN Obi BBI-| 
YMCCHBI 3HaAYeHHA MpPeASKCNOHEHIMAaIbHOrO MHOXKHTeCIA To B YpaBHeHUh| 
T= TeMIRT, rre T— BpemaA penakcannu, H — sHeprua akTuBallMun. 

B o6eux cTaiax mocne otnycka npn 250° onpezésemaa mo caBury muKal 
mpu 200° sHeprud akTHBallNy yMeHbIMAeTCA, a Ty pesKO yBeMuMBaeTcaA. TaK,| 
Bctanu 20XI sHeprua akTHBallHu B pesyJbTaTe OTMycKka yMeHbUaeTca c 46 
no 28 kkan/Momb, a BcTamn 20C2T3H2@—c 40 no 21 KKan/Monp. i 

TIpomeccbi nactHyeckoh Jeq@opMalun uM paspyleHuA MeTasOB B WuCIOKAa-} 
IMOHHOH TEOPHH CBASbIBaIOTCA C OOPaSOBaHNeM CKONIeHMH JHCNOKalnH Ha M04 
CKOCTAX CKOJIbKeCHHA Nepe TpanHWaMu 3epeH WIM APyruMu NmpenATCTBUAMy 
(""). JIumetinpie QucOKalHN COsLaloT BOKpyr ceOs cxKaTHIe M pacTAHyTHIe OGvIa-| 
CTH; €CJIM HEKOTOPOe YNCIO TAKHX LMCMOKALM pacnosaraeTcA TAKUM OOpasoM,| 
uTO UX NOMA HAaNpAXKeHUM YCHJIMBAIOT [pyr Apyra, TO BOSHNKaIOT 3HaunTeIb+ 
HbI€ JIOKaJIbHbIe KOHWEHTPalluu HaNpsAxKeHHH. BeuunHa JOKaJbHOM KOHILeHTpPa- 
WHH HanpAKeHHH MPOMOpUHOHabHa JWHHE CKONNeHHA ucnOoKauni (1) 
O6pasopanne TaKMX CKOMVeHHH AMCNOKalM BMOHeE BOSMOKHO B PesyvIbTaTe 
mlacTHyeckoH DehOpMauuu nM MapTeHcuTHOrO npeBpawienus. IIpunocaenyw- 
I€M NPHJOKeCHHN Harpy3kH STH CKONMeHHA JMCHOKaWHH (NMKM HanpsxKeHu 
MOFYT CJYXUTb SapOJbWaMH TPellHH pa3spylwienua. 

C TBMKeHHEM LHCOKalni, OOpasy!ollux TakOe CKOMJeHHe, MOKHO, OUe 
BHHO, CBA3ATb MOBbILEHHOe PaccesHHe SHEPFHU MPH WHKMYeECKNX KONe6aHHAD 
HefOpMupoBaHHOrO HIM 3aKaJIeHHOTO MeTanwia. «PaccacbiBaHvey ckomlenut 
AUcNOKaWM NpH OTAbIXe 8aKaJIeHHOH CTaIM MPHBOAWT K YMeHbINeHHIO BHYT- 
PeHHerO TpeHHA H K NOBbILWeHHIO MpOUHOCTH. 

Tlocne eopMaunn WIM MapTeHCHTHOrO MpeBpalleHuA B MeTamne OOpasyroTes 
PasJHMUHbIe NO AIHHE CKOMICHHA JUCIOKAalnH, MpHyeM BPeMA penakKcallMH T 
OYEBHAHO, 3aBHCHT OT YMCA WHCMOKaLMH, BXOJAMMX B CKOTVIeHHe. 

IIpwunnow nonMxKeHHOH MpouHOCTM cTamM Noce 3akaNKH ABNAeTCA, MO: 
BHMMOMY, NpuCyTCTBHe OOMbIINX CKOMNeHHH uCNOKalMii; TaK Kak «paccacbl- 
BaHHe> STUX CKOMJCHHH NPHBOAMT K YMeHbIUIeCHHIO YPOBHA BHYTPeHHero TpeHHs 
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a MOJBH2KHbIMH HW CBA3AHbI C MaJIbIM BPeMeHeM peslakKcalluH. 

Ha kpuBoi BHYTpeHHero TpeHHA LedopMupOBaHHOH HIM 3aKasIeHHOH cTau 
IMe€€TCA NHK, PacnOJIOXKeHHbI pH yactote ~ | ri, B patoue 200°. IIpupoga sroro 
1MKa B Je:POpPMHPOBaHHOM @-2KeNese HCCemoBaHa Kecrepom (12), Koropbili cuu- 
paeT, UTO B HHTepBasle Temnepatyp 120—280° cKopocTb Audpy3Hu aTOMOB BHeL- 
)eHHA TAKOBa, YTO CTAHOBHTCA BO3MOXKHBIM MepemellleHve AUCOKalM BMeCTe 
: OJOKMPYIOULMMH HX AaTOMaMH BHepeHusA, NpuyeM Ha NepesBMxKeHHe «OGaKOB» 
13 ATOMOB BHEAPeHHA OKOJIO LHCIOKaWHH pacxosyerca JONOHUTebHAad 9HEPrHd. 
Tuk npu 200° B petbopMupoBaHHoM «-2xKeNese HaG/OMaeTCA TOJbKO B MIpH- 
YTCTBHH aTOMOB yrvlepoya HIM a30Ta; BbICOTa MMKa MPH cofepxKaHuu yrvie- 
ofa 0,003% u BbiIue 3aBMCHT TOJbKO OT CTeneHH JecsbopMallnH, T. €. OT KOMMYe- 
TBA ucNOKaWHH. YMeHbuieHue BBICOTHI nHKa mpuH 200° npu ornycke oObaCcHA- 
RTCA, OUCBHIHO, «paccacbIBaHHeM» CKOMIeCHHH WucoKawHH. CABur Muka B CTO- 
pory BbICOKHX TeEMMepaTyp CBA3AH C YBEJIMYCHHEM To). OTO, OUCBHAHO, OOBACHA- 
PTCA MCUC3HOBEHHEM B pesyJIbTaTe OTMycKa HaHOoulee KPYMHbIX H NOABYHKHBIX 
tKonennii JMCIOKAaUMH; STHM Ke, BOSMOXKHO, OObACHACTCA HM CyKeHHe MhKa. 
| C ucuesHoBeHHem HanOosee KPyNHbIX CKOMJCHHE JMCOKAalMii MOXKHO CBA3aTb, 
DYeEBUHO, MW CHWXKCHHe SHEPIHH aKTHBAaHN Moce OTMyCKa, TaK KaK C YM€Hb- 
WeHHeM CpeHeH BeJIMYMHbI CKOMIeCHHA JMCIOKaluH YMeHbllaeTcCA HU CpeqHAA 
BeIMUMHaA «OOJlaKa> ATOMOB BHEJPeHHA OKOMO CKOMIeCHHA AMcNOKalHl. 
TakuM 06pa30M, MpH OTAbIXe H HH3KOM OTMYyCKe 3aKaJIeCHHOK CTaJIM MpoTeKa- 
oT peaKCaUHOHHble NPOLWecchl, O YeEM CBHAETEILCTBYET YMEHbILEHHe BHYTPeHHero 
‘peHuA. CileCTBHeM 9THX pesaKCallMOHHbIX MpOlWeccoB ABJIAeTCA MOBbILMeHHE 
TPOUHOCTH, 


4 
4 


VucrutyT Metammomu3uku Ilocrynua0 
[leuTpambHoro Hay4HO-HCCeOBaTeIbCKOrO 21 III 1959 
HHCTHTYTa YEPHOH MeTaIMyprHuHn 
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TEXHHYECKAA ®H3SHKA 


M. A. TbIJIKHHA, P. B. KAPHJIEHKO u E. M. CABHLLKMH 


JAWMArPAMMA PEKPHCTAJIJIM3SAUMH TASHA 
(IIpedcmaeaeno axademuxom H. IT. Bapdurnom 26 III 1959) 


Tadbuult — paccestHHbIM SJIeMeHT, ABJIAeCTCA CITYTHHKOM WMPKOHHA HM BCTpe- 
yaeTCaA MOUTH BO BCeX ILMPKOHHHcojepxallux MHHepasiax. JLo cux Nop BcseL- 
CTBHe TPyAHOCTH OTJEICHHA WHPKOHHA OT TapHHA, NOCMeQHHM B YMCTOM BUTE 
MOUTH He mpov“sBo_Mica. B mocmeqHee BPCMA WIA ATOMHOM MPOMBILIJIeHHOCTY| 
BOSHHKJIa HeEOOXOMMOCTb MOJYYeHHA YHCTOTO WHPKOHHA, CBOOOAHOrO OT rad: 
HHA. STO U MPuBeO K NpOH3BOACTBY Ta~HHA KaK CAMOCTOATEJIbHOFO JJIEMeHTA. 
nouly4¥aeMoro B KayectTBe NOGouHOrO NposykKTa. apHut oOaqaeT pANOM CBOLCTB 
MOSBOJIAIOULMX HCMOIb30BaTb eFO B COBPEMCHHOH TEXHHKe: BbICOKHe Temmepary + 
PbI MulaBIeHHA MU KHMeHHA, OOJIbINOe NOMepeyHoe CeyeHHe 3aXBaTa TeMIOBHIX HEH: 
TPOHOB, BbICOKaH IMHMCCHOHHAA CIOCOOHOCTb, IWJIaCTHUHOCTb, KOpposHoHHas 
YCTOHUHBOCTb, BbICOKHe KaTaJIMTHYeCKHe CBOHCTBa HT. A. PabuHut MowxeT HaHTY 
IUHpOKOe MPHMeHEHHE B ATOMHOH TEXHHKE, B QJICKTPO- ,PaHO- H PeEHTTeEHOTEXHHKe . 
B IIPOH3BOJCTBe CIelalbHbIX CTaJleH HM CMWJaBOB, B MPOH3BOCTBe CTeKJIz 
WM KepaMHyeCKHX U3feIMH, B KayecTBe KaTamu3aTopa u mp. (1). | 

Ilembio JaHHOH paOoTbI ABJIAJIOCb OpefesIeHHe HEKOTOPHIX CBOHCTB HM UC} 
culeoBaHve Mpoleccos AeopMal\un HW peKpPUcTaIUsalNN rapHUA. OTOT BoMpoOcl 
B JIMTepaType OCBelllaICH JIMIIb B paOotax (?7*). | 

MertoyamMu MetaJorpapHyeckoro MW PeHTTeHOBCKOTO aHaH30B H U3MepeHHeM 
TBepMOCTH HaMH BilepBble NocTpoeHa AHarpaMMa peKpHcTasusaluu rapHUA noc) 
Jie XOJOXHOH AeopMalHu mpoKaTKoH (puce. 1). } 

VcxofHbIMH MaTepHaslaMH ABJIAIHCb UpyTKH Ho_u~HOrO Traduua, o6ay 
WaBuIve KPYMHOKPHCTaJIMYeCKOH CTPyKTYpOH HM CJeYIOWLMMH CBOLCTBAaMH | 
mpeyei i mpounoctH mph pactaxeHHu —25,7 KI /mmM?, yjnuHeHue — 10% | 
TBepfocTh m0 Ra — 34, yfebHOe suIeKTPpOcoNpoTHBeHHe — 31,06 pomM-cm) 
Mojlyib$ ynpyrocru — 14 180 xI/mm?. 

Tapuu — 2umopdupii Mera. Ero quskoTemnepaTypHad rekcaroHasbHas} 
%-MOAMMUKAUMA MepexXOAHT B BbICOKOTeMNepaTypHylo $-MozudpukawuIo, obna-| 
Warolly!o KyOHYeCKON OObBeEMHOMeHTPHPOBaHHOH pewleTKol. Han6onee Bepoar} 
HOH TeMMepaTypoH MomHMOpdHOorO nepexofa rapHuA MOXKHO cuUuTaTD 1310 
(°), OMHAKO ee HeJIb3A CUHTATb TOUHO YCTAHOBJICHHOH. 

C Weblo YHHYTOKeHAA KPYNHOKPHCTaMIMYeCKOH cCTpykKTypbl (pc. 2a)! 
MpyTKH WOAMAHOrO TapHHA ObWIM MpOKaTaHbl BXOJOAHYIO c OOxKaTHeM 60% 1 
OT2KHTaJINCb pH TeMMepatype900° [locae stoi O6pa6orku npyTKu OOmalamH Men! 
KO3€PHHCTOM, MOMHOCTbIO PEKPHCTAIM30BaHHOH CTpyKTypoli c WHaMeTpom 3ep! 
Ha mpuMepHo 10—12 p u sBAAMCb UCXOQHBIM MaTepHaJIOM JIA mpoBeqenns 
BceH paOortpl (puc. 26). JLehopMawusna rapHUA OCyUleCcTBAIaCb MyYTeM XOOZHOI| 
mpOKaTKH c 8 creneHAMH OOxKaTHA OT 5 To 60%, uTO ABJAIOCb MAKCHMAJIbHO JO | 
MyCTHMOH CTeneHbIo JepopMalnn Jia radpHUA, uccselyemoro B paObote. O6| 
pasilbl OT Kam Joli creneHu JecsopMalluu OT2KHTaIMCb B BAaKYyMe pH TeMnepaTy 
pax 750, 850, 1000, 1150, 1280, 1350 u 1550°. 

Temnepatypa HayaJla peKpucTaM3salnn rapHuA MOHMAKAaeTCA 10 Mepe yBe| 
JIMYeHUA CTeneHH epopmauu ot 1000° npu 10% yecdopmannu yo 850° npr! 
20% mehopmatun u 10 750° npx 40 u Oonee mpoueHTax ZedopMarun (Ha Juarpam | 
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Puc. 2. Mukpoctpyktypbl rapHua (PoTO B NOMAPH3OBaHHOM CBeTe): a — HOAMAHEIM rapHuH, 
OCaxKICHHbIM Ha BOAb(paMoBOH HHTH; 6 — HOAMAHbIM rawHuH, Aehopmauua 60%, oT»xur 900° 
(ucxoyHblit a-Hf); @ — necsbopmauna 7,5%. Jipoinuku yedopmauun; 2 — yecdbopmauusa 60%; 
0 — yedhopmauna 50%, om«xur 1000°, a-moguduKkauua; e — pedhopmauna 50%, orxur, 1380°, 
B-moqudukaunsa: a — 30 X, ocTabHble MAKpodoto — 150 x 


K cmampe JI. A. Peiienna, cmp. 318 


Puc. 1. PentrenorpamMbl ucxogqHoro rpaduta (a) Hrpadura, H3MebyeHHOrO B TeYeHHe 2 Yac. B Mva- 
HeTapHOH MewIbHHUe (6). NiKa-H31yseHHe, MOHOXPOMaTH3HPOBaHHOe OTpaxKeHHe OT KPHCTAa/JOB 
NleHTaIPHTpHTa 


UAH, 7. 127, Ne 2 


Me JIMHHA Havasla peKpHcTamu3alHH HaneceHa myHKTHpoM). [Ipu creneHu: 
ebopMauu nopsayka 7,5% MMeeT MecTO OOpas0BaHHe JBOMHHKOB JlesopMaluu. 
(puc. 26). [lpn 10 u Gonee npomentax HaOsOfaeTCA NOABJICEHHe TEKCTYPbI MpoKaT- 
KH (puc. 2). 

BemeicTBve BbICOKOH WvlacCTHyYHOCTH TadHHA MpH MedpopMauun HuMeer 
MeCTO B OCHOBHOM BBITATHBaHHH 3epeH, He3HaYHTebHOe pa3zsqpoOleHHe 3epeH 
WMeeT MecTO TIpH Gompurux (50—60%) creneHax gecbopMalnH. 

Omkur pH TemmepaTypaX CYIIeCTBOBaHHA a-MOMMHKaLHH NMpHBOLUT 
K OOpa30BaHHiO MeJIKO3CPHHCTOH NOJMaApHyecKOH CTPYKTypbl C BeHUH- 
HOH 3epHa cooTBeTcTBeHHO 25—40 wu mpu cTeneHH JecsbopMalu B HHTepBase 
or 30 no 45% wu Bpulte 
(prc. 2 0). SToT pexkKHM OT2KH- 

Ta SABJIACTCA ONTHMAJIbHEIM. 
Otxur mpuH TeMnepaTtypax 

BbIlIe TeMMepaTypbl NOJIH- 
Mopduoro mepexoga (1300— 
|1550°) npuBozvT k pe3skomy 
M3MCHEHHIO BeJIMYHHbI 3epHa 

Mero @opmpt. Bmecto nowu- 

94poB a-rapHuA OOpasyioTcs Me 
KPyMHble pe3KO orpaHHueH- JOD 
ble sepHa 6-radunsa. J[ua- 
MeTp 3epHa pH  or«Kure 
13800—110 uw npu 30% ge- 
aeeMaltnn uw 240 w mpu 
iommure 1550° (puc. 2 e). 
MakcvMyMbI BeJIHUHH 3e- 


: SLLLEL TITEL 


Cpednuu Cuamemp sepa 
S 
S 


peH, COOTBETCTBYIOWLNe Kpu- PL EAT I 4 3 
ITHYeCKUM CTeNeHAM ecpop- & 

MauMvH, HaOJiofaloTca mpH 0 LATED, 700° 

icTeneHH epopmaynn 7,5% "Al 40 GO % 

IMIIb Ha Ws0TepMaXx, pacmo- Cmenens demopmayuu ——>- 
ean Pr ape TiMarpamMa pekpucTasM3alHu xXoO,HOReop~ 


HOM HHTepBaJie CYULeCTBOBa- MHpoBaHHoro MoyqusHoro radHua 
HHA o-MOLMMKAaALHH Lrad- 
HUA, TO OObACHACTCA OTCYTCTBHEM KPHTHYeCKOl JesbopMalluu y BHOBb OOpa- 
3OBaBleroca $-3epHa. 

Xapaktep MpoTekaHHA MpoweccoB mpu esopmMalun HM peKpucTalNMsalnH 
MW BUY (MarpaMMbl peKpucTaMsalMu HOAMAHOTO racHUA NOLOOHbI TAKOBEIM JIT 
WOMAHOFO THTaHa HM WupKonus (°~*) uw NO3BOMAIOT CeaTb HEKOTOPbIe OGOOuLaI0- 
MMe 3aKJIOYCHHA B OTHOWICHHH STHX TpeX 9JIEMeCHTOB — aHaJIOrOB, pacnoJo» 
pKeHHEIX B IVA rpynne Ta6muup JI. MW. Menyeneesa: 


1. Bce Tpv sueMeHTa nNOHMOpdHbI HU OOMaaloT HA3KOTeMNepaTYPHOH reK- 
CaroOHaJIbHOM %-MOJuuKallveli, NepexojlAllleH B BbICOKOTeMMepaTypHy!o kyOuye- 
Kyo B-MoguduKawnio. B cocTrosHuM O-MOAUpUKAaLMM 3/IeMeHTbI BeCbMa Ila- 
THUHBI ye MPH KOMHATHOH Temmepatype, OHakO axe caMoe He3HaUHTeJIb- 
HOe€ KOJIMUeCTBO MpHMecelH, OCOOeHHO Ta30BbIX, OOpa3sya (hasbl BHeApPeHHa,. 
Ppe3KO BJIMAeCT Ha HX IWlaCTHYHOCTb B CTOPOHY ee YMeHbILIeHHA. 

Buicokas muiactuunoctb Ti, Zr, Hf, 8B ormuuue of MasOH MiacTH4uHOCTH Apy- 
PMX TeEKCAPOHAJIbHbIX MeTaioB (Mg, Zn, Cd u Ap.), OObaACHAeTCA TeM, YTO ye 
MNpH KOMHATHbIX TeMMepaTypaxX y HHX BMeCTO OJHOM MJIOCKOCTH CKOJIbKeHHA 
B TIJIOCKOCTH 6a3HCa B CKOJIbxKCHHH YUACTBYIOT MJIOCKOCTH NHPaMHbI MW MpH3Mbr 
HMe€IOTCA HECKOJIbKO MJIOCKOCTeH JBOHHHKOBaHHA. HanpuMmep, JONOHHTeIb- 
ble MIOCKOCTH CKOJIbKeHHA JIA TuTaHa {1010}, {1011}, qua UnpKoHnaA — 
JOCKOCTH MpH3MbI, Aaa rapHua {1011}; maockocTH WBOMHHKOBaHHA LIA TH- 
awa {1012}, {1121}, {1122}, {1123}, {1124}, naa rapuua {1122}, {112]},. 
{1012} (2,,2 19). 
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TeKCTYPbI P€KPHCTaJIMM3allHH STHX TPeX MeTAaJWJIOB TOXKEe B OCHOBHOM CXOJHBI 


HW onpelensiorcs opHentauneli (0001) [1120], nosepyytoH BoKpyr HampaBue- 
HUA mpokaTku Ha 27—30° qua THTaHa M WHpKOHMA MH Ha 5—8° Asa rapuns (%). 
2. Ilo TBepMOcTH MW HakJeMbIBaeMOCTH 3TH METAJIJIbI MOMKHO PaCMOJOKHTb NO 
BO3PaCTaHHI0 STHX BeIHYHH B CileLyloulMl pay: THTaH — WHpKOHMH — rapHuu. 
TIpu ofunakopol crenenu JepopMallMn OouIbIee YHCMO MOMOC CKOUbKeHHA, 
a 3HaUHT H HCKaxKeHHH pellleTKH, OMPeeAIOMLNX YACO SapOMbIMIeH HOBbIX 3epeH, 
uMeeT Mecto y rapHud. B cBxa3H c STHM, B pesyJIbTaTe PeKPUCTaMIH3alHH WK 
MOMMMOpHOrO Nepexosa BeMYHHAa 3epHa rapHUA MPH MpOuMX PaBHbIX yCOBHAX 
MeHbIUe, 4eM Y WHPKOHHA HU THTaHAa (pH. 3). 
3. J[MarpaMMbI peKPHCTaJIM3alHH 9THX 
eh B Ti MeTaJIJIOB MOMOOHLI H MOryT paccCMaTPHBaTb- 
CA B KaxKJOM ciayyae Kak JjBe MarpaMMBbl, 
Zr OTHOCsIHecaA K a- H B-Mog_MpuKalluaM. 
JivarpaMMa peKpHcTaJIu3alHMH o-MOJ- 
(buKallwH XapakTepusyerca HeOOJIbIUHMH 
Hf 3HaueHHAMM BeJIHUHH 3ePpeH, MaJlO MeHAIO- 
ly IMXCA MO BeJIMYHHE B 3ABHCHMOCTH OT TeM- 
nepaTypbl OMKUra WH NpoweHta ecopMaluu. 
100 JiuarpamMa pekpuctanmu3ayuu B-mMogudu- 
Kalu XapakTepH3yerca pe3KO yBeJIH 
YCHHbIM Pa3MepOM 3epeH MO CpaBHeHHIO C 
? 500 700 900 100 13900 (500°  o-crpyKTypolt. TIpuyem ysenuuenne PasMe-) 
Temnepamypa omeuea——»  POB 3€PHa fOcTuraeTcA TaBHbIM OOpasoM 3a 
cueT cKaukooOpa3Horo pocTa MmpH Temnme- 
Puc. 3. SaBucumocth senuunust paType MoMMopdHoro nepexoga (puce. 3). 
sepHa THTaHa, IMpKOHMA, Taunus, 4. Kpuruyeckve cTemeHu edopMallnn 
epopmupopaHHbix Ha 55%, OT  yadmomaloTcCa JIMIb Ha M30TepMax, pacrio- 
TeMnepaTypbl OT#KHTa 
JIOXKeHHBIX B O-MOAMNKalHH U He OOHapy- 
*kuBaoTca B P-Mo_NdbuKaluH. DITO ob6bsAc- 
HAeTCH TEM, YTO H3Me€HEHHE CTPYKTYPbI, BbIZBAHHOe HeOOJIbINMMM mMacTH- 
yeCKHMH JlecspopMallWAMH B OONaCTH a-CPOpMbI, NMOaBAeTCH H3MCHCHHAMH 
CTPpyKTypbl BCJleACTBHe NOMMMOppHOorO Mepexosa. | 
5. Temnepatypa peKpHcTaslIM3alHH MOJIMMOpHbIX MeTaJJIOB BCerga HuxKe 
TeMMepaTyPbl NOJIMMOpHOrO Nepexofla HW Mex Ly HHMH CYILeCTBYeT 3ABHCHMOCTb, 
BbIPaxKaloulaAcA CweAyIOUHM OTHOWeHHeM: 7)/Ty.1 = 0,7. Temnepatypa pe-! 
KPHCTaJIH3alMH ABACTCA OMHOM M3 XapaKTePHCTHK %KapOMpoyHoctTH uv onpe-t 
ieAeT HaMBbICLIMe PaOouHe TemnepaTypbI Metavita (3+). 
TakuM O0Opa30M, NosoO*KenHe TYFOMIABKUX NOMMMOPCHbIX MeTAJJIOB B psy) 
2KaPOMPOUHbIX METAJVJIOB ONpefesiseTcA He HX TeMNepaTypol MWaBJeHHA, a UX 
TeMNepaTypoOH MOMMMOpuHoro nepexofa. STO OTHOCHTCA WM K HX cnviaBaM. Ha- 
IIpHMep, THTaH H WHPKOHHH uMeloT Govlee BLICOKHe TeMMepaTyPpbI MWiaBJeHHA, 4eM! 
HHK@JIb, OJHAKO CMaBbl Ha OCHOBe HHKeA Ooulee 2KapOMpOUHHl. 


Sy 
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Genuyund 3sepHa ———»- 
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Muctutyt metanmypruu um. A. A. Balikosa Iocrynuao 
Axkayemunu HayK CCCP 25 III 1959 
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TEXHHYECKAA ®H3HKA 


JI. A. ®EATHH 


OB HCKA)KEHHAX PEWIETKH FPA®MTA B IIPOILECCE 
MEXAHWYECKOFO AHCHEPrHPOBAHUSA 


(ITpedcmaeaeno akademuxom IT. A. Pe6uxdepom 14 X 1958) 


CTpyKTypbl MHOTHX BbICOKOJMCIePCHEIX YIVIEPOMUCTHIX Tes U3yY4YeHbI MocTa- 
rouno moxpoduo. Mmerouecs mauuple (!, ?) acHO ToKa3bIBaloT CTPpyKTYPHy!0O 
DOUIHOCTh rpa*uToB, caxK, yrviell, KOKCOB, a HMCHHO, YTO B OCHOBe HX CTPyK- 
TYPbI Je*KUT WIOCKaA WeCTHYrOJIbHasd CeTKa aTOMOB yrsiepoma. Movnoxpuctas- 
bl Tpaduta WpecTaBJAIoT COOOM B3aN4MHO OPHeHTHPOBaHHY!IO yNaKOBKy 3TUX 
ceTOK, a peaJIbHble rTpa*uToBble Tesla HW pa3JIMYHOrO Poa YIM, KOKCbI, caxKU— 
3BICOKOAMCHepCHbIe CHCTEMBI, B KOTOPBIX Tpa*uTHble CeTKM Pa3JIMYHOTO pasMe- 
1a C TOM WIM MHOM CTeIeHbIO OPHCHTHPOBAHHOCTH CJIOCB OFHOCHTeJIbHO pyr 
Ipyra CrpyMMupoBaHbl B OOKH; Mp 9YTOM B HauOosee BHICOKOAUCHEPCHBIX Te- 
maxX OTCYTCTByeT Kakasa Obl TO HH Oba aSMMYyTaJIbHad KOPPeJIALUA OTIEJIbHBIX 
cMoeB. ITU aHHble Ob MOyIeHbI laBHbIM OOpa30mM Mpa peHtTreHorpadu- 
1eCKOM HCCJIehOBaHHU Mpouecca yNOpAMOYeHUA KPHCTaIMYeCKOH CTPyKTypbl 
yrvieH H Caxk B XOMe BLICOKOTeMMepaTypHOro OTKuUrA. 

| Bcpssu c 9THM Npescrapaer HHTepec MCCeEMOBaHve BOSMOKHOCTH OCYIe- 
‘TBJIEHHA OOPaTHOTO MpOMecca—pa3yNOpAROUCHUA PCLeTKM OCTATOUHO COBep- 
|MCHHBIX KPHCTaJWJIOB rpaduta B CMbICJe NpHOMKeHUA K CTpyKType «amopip- 
HbIX> MOJMuKalnNu yruiepoa pH MexaHHyecKOM jMclieprupoBaHuu. J[tu- 
eJIbHOe H3MeJIbUeHHe (JeCATKH HM COTHH 4acoB), MpOBOMBWeecd B KOJJIONI- 
HbIX HW apOBbIX MeJIbHUWaXx (1, 3), He MPHBOAMJIO K CyLeCTBeEHHOMY H3MeHeHHIO 
KaPTHHbI PCHTTeEHOBCKOTO pacceAHUA Ha Ppa*utTax. ITo cBa3aHo, NO-BUAMMOMY, 
? TEM, UTO, Kak ObLIO MOKa3aHO B MocaeqHee Bpema (*), HasMuMe Ha MOBepXHO- 
‘TH Tpadbuta xoTa Obl MOHOMOJIeKYAPHOTO AXCOPOWMOHHOTO CJIOA BOB (HJM 
PyrHX BelllecTB) paqHKaJIbHO MeHACT XapakTep paspylMleHuA KPUCTAJVOB rpa- 
uta. B wacrHocTu, JOCTM2KeHHe BbICOKUX 3HaYeHHH yAeIbHOM MOBepxXHocTH 
COOTBETCTBEHHO MAJIBIX Pa83MePOB KPHCTAJMIUTOB rpaduTa BO3MOKHO JMILUb 
pH AUCMeprupoBaHUu KpHcTaJIOB rpa*uTa c <4YMCTOM» NOBeEpXHOCTHIO, Halpu- 
ep Ip AucneprupoBaHuH B BakyyMe. 

| WVsmembueHuto NosBepraJica ecTecTBeCHHBIM rpadbutT TaliruucKoro MecTopox- 
leHua. Ha peHtreHorpaMMax oOpa3ia rpadbura, He NosBepraBilleroca BuOpa- 
WOHHOMY H38MeJIbUCHHIO, BUAHbI y3KHe HM YeTKHe MH; Ip STOM MMCIOTCH BCe 
TPAKeHUA, HalieHHble WIA OOpasija Oes30/IbHoro WeliOHCKOTO rpadurta. Peut- 
eHOrpadupoBaHHe MpOBOAMIOCh B KaMepax WHaMeTpoM 86 MM Ha HUKeJIeBOM 
3IYYeHHH, MOHOXPOMATH3MPOBaHHOM OTPaxXeHHeM OT KPHCTAJWIOB NeHTaspH- 
rpura. 

Haun6oupliee pasMbitue JIMHHM HaOOAalocb Ha peHTreHorpaMMax OOpas3- 
OB, JJIMTCIbHO H3MCIbUCHHHIX B IJIaHeTapHOl BUOPOMeJIbHULe B YCOBUAX OT- 
YICTBUA aCOpOMMOHHOH Bard Ha MOBepxHocTu rpadura (puc. 1, cM. BKelKy 
ctp. 310). YcpeqHeHHaa Mo HECKOJIbDKUM PeHTTeHOrpaMMaM KPMBaA MHTCHCHB- 
OCTH pacCCeAHHA PeCHTTeHOBCKHX Jy4el LIA OHOTO U3 STUX OOpa3s0B MpHBeMeHa 
la puc. 2. Ora kpuBasd OOs1aqaeT MHOTMMH IIpu3HaKaMU KPUBbIX MHTEHCHBHOCTH 
DacceHHUA PCHTTCHOBCKUX JIyYeH %KUAKOCTAMH MH cTeKaMuH. Ha He Bcero Tpu 
)A3MBITHIX MAKCUMYMA, IIPH¥eM Pa3MBITOCTb UX HACTOJIbKO BeJINKA, UTO HX HeJIb- 
| TIpHUMCaTb KaKOMy-JINGOO ONpeeeHHOMY OTpaxenHio rpaduta. Bropolt Mak- 


) Banas 1810 Palle) 


CHMYM aCHMMeTpHueH: KpHBad Ooslee KpyTO MOHUMaeTCA CO CTOPOHbI MaJIbI. 
yTJIOB HW IWlaBHO CllafaeT B CTOPOHY OOJIbIIHX YTVJIOB, ACHMMCTPHA TAKOTO 2K 
Bula HaGIOLaeTCA H Dia TpeTbero MakcuMyMa. Bee 9TO CBUeETeLCTBYET O CHUIE 
HbIX HCKaXKCHHAX KPHCTasIMYeCKOH pelleTKM Trpaura. 

CpaBHeHve HHT€HCHBHOCTH PeHTTeHOBCKOPO paccexAHUA STOTO oOpa3ila C Kp# 
BLIMH PaCCeAHHA HEKOTOPbIMH AKTMBHbIMH yIJIAMH HW Ca*KaMH (?,°) nmoKa3biBa 
MHOrO OGILMX YepT B ZudpakuMoHHO KapruHe. JlelicTBUTeMbHO, Ha PeHTTeHO 
TpaMMax yrvieli, caxk, HA3KOTeMMepaTyPHbIX KOKCOB Oplsl OTMeYeH pay oco6ée 
HoctTeli: mpucyTcTBue HHH rpadura Tuna (00/) u (ARO) u oTCyTCTBHe OCTad 
HbIX JIMHU; CHIbHOe PaSMbITHe BCeX OTPa%KeHUl;, CMelILeHHe MAKCHMYMOB (Ak 
B CTOPOHY OOIbIIMX YIJIOB OTHOCE 
T@JIbHO COOTBETCTBYIOWIUX JIMHMM rp 
(pHTa; HeKOTOpOe CMeIleHHe MaKCHM} 
mos (00/) B cropoHy MeHbIUMX yuo 
Bce 2TH OCOO6eHHOCTH HMEIOT MECTO H 
peHTreHorpaMMax oOOpa3lloB rpaduré 
JWIHTCbHO W3MeIbYaBLIHXCA B BHOpe 
I[HOHHDIX MeJIbHHIAaX. 

Tlepppili MaKCHMYM, COOTBETCTBY 
iui 3HaueHHio 6sin 6/A = 0,136‘ Av 
(rae §— O6psrropcKuH yron, A 
JIMHa BOJIHbI Pe€HTTeHOBCKOrO H3Iy4 
HHA), ABJIACTCH HaMOoNee HHTCHCHBHBI 
HM WMeeT QopMy, OYeHb OH3KYIO 
CHMMeTpHUHOH. CHMMeTPHUHOCTB Mak 
CHMYMa CBHJeTeIbCTByeT O pacceaAHH 
M60 TPeXMePHbIMH], KPHCTaJIMTaM 
H60 CHCTeEMOH TapaJVJIeJIbHbIX PaBHe 
OTCTOAUIHX cuoeB. JluHuA rpadu 


NA S$ (002) naxogutca B o6Omactu sin 6/A = 
—— =, =0,146 u coorsercrByer M@xKIWIOCKOC: 
° ? : 
Qs DS ORME Agee toMy acero ieee 
O16 OM Go At BropoH MaKCHMyM, JlekallHit 
sin 6/4 ——>- o6actH sin 6/k = 0,24, acummerpuuet 


Puc. 2, YcpeyueHHad KpHBad HHTeHCHBHO- KDHBA | OOee KD yO ag 
cru oOpasila rpabura, juTembHo usmem. CTOPOHBI MaJIbIX yIJIOB H MejWIeHHee CIlz 
yaBllerocd B MvlaHeTapHolt MeabHULE MaeT B cTOpoHy OombuiMx yrios. H 
i peHTreHorpaMme rpaduta B STO OOsac 
uMerotca Be wHHuu (100) u (101). DopmMa muHuM TakKoBa, 4TO Ce HEIb3A OObAC 
HHTb HaJlIO*KeHHeM STHX ABYX MAKCHMYMOB, TeM Gonee,{4TO HHTCHCHBHOCTD JI 
Huw (101) Ha penTreHorpamMax rpacuTa oueHb ObiCTpo yOblipaeT MO Me 
Tucneprupopanna rpadura. Tperua makcumym (sin 0/A = 0,421) rakxe acny 
Me€TPH4eH; MPH 9TOM HHTCHCHBHOCTb OTPaxKeHUA HaCTOMbKO culaOa, YTO TPYA 
TOUHO OLe€HHTbh (OPpMy. OTOT MaKCHMyM pacnouoxKeH B OOacTH 3HaveHH 
sin 9/A, B KOTOpOlt M3 HanOoulee HHTCHCHBHbIX MHuAM rpadutTa pacnonoxKeH! 
(110) u (112). Ilo mepe qucneprupoBaHua uHTeHCHBHOCTb MUM (112) yOnrBae 
3HAYHMTeIbHO ObICTpee, UCM HHTCHCHBHOCTD WHHU (110). Sto Aaer ocHOBaHH 
MpHNMCaTb TpeTHH MakCcuMyM (pHc. 2) oTpaxeHuto (110), Koropoe, ofHaKc 
CIBHHYTO B CTOPOHY OOJbIIMX yrJIOB. 

OrcyTcTBHe Ha peHTreHOrpaMMaX JIMHH CO CMeLWaHHbIMM MHJeKcamu (Akl 
aCHMMeTPHuHad (—pOpMa BTOpOro HM TpeTberO MaKCHMYMOB HM CMeUleHHe STUX [BY 
MaKCHMYMOB B CTOPOHY OOJIbINMX YIJIOB OTHOCHTE/IbHO COOTBETCTBYIOWIUX JIMHM 
rpasuTa CBULeTEbCTBYIOT OO OTCYTCTBHH TPeXMePHbIX KPHCTaJJUTOB rpadure 
IIpupeyeHHad KpHBad MHTeHCMBHOCTH, HaNpoOTHB, MoxeT ObITh HATepupeTup 
BaHa Kak paccedHve JBYMe€PHBIMM TpacbHTHbIMH CeTKaMH, MEX Ly KOTOPbIMH O71 
CyTCTBye€T a3HMYyTaJIbHad KOPpeAWMA, COOTBETCTBYIOUaA CTpyKType rpacbure 
CmelleHue MakcuMyma (002) B cTopoHy MaabIX yrm0B MOET ObITh NOHATO Ka 
HeKOTOPOe yBeJIMYeHHe CpeHerO MeXCMOeBOFO PaCCTOAHHA JIA CeETOK, He UMeK 
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UX «PpaPuTHOM» OPHEHTAMHH OTHOCHTebHO pyr Apyra. Oro nosBouAer WA 
OWCHKH Pa3MepoB KPHCTaJVJIOB B H3MeJIbYeHHOM OOpa3ile NPHMeHHTb TeOpHio 
ABYMepHOH u@pakwuu, pasBuTyio YoppeHOM MPHMeHHTEJbHO K CJTyyalo Ma- 
PaJIeNbHBIX CIOeB, He HMeIOWMX a3HMYyTaJIbHOH KoppeaaunHn (°). Maxkcumym 
WHTCHCHBHOCTH JBYMepHOro OTpaxeHHaA (Hk) CIBUHYT B CTOPOHY OOJIbUIMX yrvloB 
OTHOCHTeJIbHO TpexMepHOrO MakcuMyna (RAO) Ha; BeHUnHY, 3aBHCALLYIO OT pas- 
mMepa cetox L: Asin# = 0,16 A/L. Kpome toro, pa3smMep ceToK MOxeT ObITb 
‘Takxe ONpeyeleH H3 NoywupHHb wnMHHH B: L = 1,84 A/B cos 8). Pasmep Bul- 
COTbI OIOKOB MOXKHO OLEHHTb H3 pacliupeHua MakcuMymoB ((OQ/) no OObmMHEIM 
COOTHOIMCHHAM JIS TPEXMEPHbIX KPHCTAJJHTOB. 

OueHKa pa3MepoB rpacHTOBbIX CeTOK NO CMelleHHIO JBYMePHbIX MaKCHMy- 
‘MOB TIpHBOsUT K 3HayenvIo L = 30 A no aunun (10) u L’=15 A no annun 
(11). Ouenka pasmepa ceTok no pacwupenuio HHH (10) paer 3Hauenue 25 A. 
PasMep uacTu rpaduta B HanpaBsennu ocu c papen 10—12 A, uro coorBetcrByert 
ynakopke 4—5 ceToK. YeibHadA NOBeEPpXHOCTh COpaszia (NO afcop6uun asora) 
coctapiset 250 m2/r, uro CooTBeTCTByeT CpeyHemy pasMepy yacruy 120 A. Ta- 
KUM OOpa3oM, OJIOKH CeTOK yrviepOJHbIX ATOMOB He COBMAaalOT MO BeJIMYHHE C Ya- 
cTuuaMu rpacduta, JOCTYNHBIMM MOJIeKyJiaM a30Ta. CrpykTypy 9Toro oOpasila 
-MOXHO MpelcTaBuTh ceGe, Kak COCTOAILYIO M3 YacTHIL rpacbuta pasmepom 120 A, 
‘IpHYeM Kaxkad yacTua COCTOHT H3 OOKOB NapaJJebHO pacnosOKeHHEIX 
TpauTHbix CeTOK, KOTOPble He HMeIOT MpaBHJIbHOH B3aHMHOH OpHeHTallMH, 
COOTBETCTBYIOWeH KPHCTaaM rpaduta. 

IlpenctaBaseT HHTepec COMOCTABHTb NOJYYeHHBIE Pe3YJIbTATbI C PeCHTTEHOB- 
CKMMH JiaHHBIMH O CTPyKType rpaduta, OO yyeHHOTO MOTOKOM OBbICTPbIX HeHTPo- 
‘HOB B kKoTuiax (**). B 9THx cayuaadx HaGwlOfaOcb NOCTeMeHHOe CMeLIeHHe JH- 
Huu (002) B cTOpoHY MaJIbIX yrVIOB NO Mepe YBeIHYeHHA JO3bI COyYeHHA, YTO 
‘CBA3AHO C YBeEJIMYCHHEM CpeAHETO MEXKCIOeBOTO PacCTOAHHA MO OCH C, a TakxKe 
‘YMeHbIUeHHe PpasMepOB KPHCTaJNuTOB rpaduta HL BOSHUKHOBeHHe HanpAKeHui 
‘BTOPOrO H TpeTbero pola. 

PaccMoTpeHHble OCOO€HHOCTH KaPTHHbl PCHTTEHOBCKOFO pacceAHHA yrAmMH 
M CaxkaMH HaOsOflaucb yxKe JaBHO, OJHAKO NpH UcceqOBaHHH rpaduta, us- 
M€JIbUeCHHOFO Me€XaHHYeCKHM CMOCcOOOM, Takoe ABJIeHHe HaOwlofaeTCA, MO-BH- 
TMMoMy, BepBble. B cBA3H C 9THM HHTeEPeCHO OTMeTHTD, 4TO JleOali u Wleppep 
(7°), mMepBbIe OTMETHBIIHe CXOJCTBO Pe€HTTeEHOrpaMM Ppa*uta uM yruieH, chenamn 
BBIBOL, YTO YIM OTMMYAIOTCA OT TpaduTa JIMLb BLICOKOH JMCHePCHOCTbIO KpH- 
cTanmutTos. Jle6al monaran, uTO «aMopdHble» yrvin — Takxe rpaduT, HO u3- 
M@JIbYCHHBIM JO TaKOH CTeNeHH, KOTOPad HHKOTa He MOXeT ObITb JOCTHTHYyTAa 
MexaHHyeckuM myteM. IlomyueHHble pesyJIbTaTbl JOKA3bIBaIOT, YTO MPH MexaHu- 
YeCKOM JHCNeprupoBaHHH rpaduTa BO3MOXHO MOJyyenve OOpasuosB, CTpyKTypa 
KOTOPBIX BO MHOFOM COOTBETCTBY€T CTPyKType yrvleli HW caxk. B 9TOM cMBICJIe mpo- 
lecc TOHYaMero MEXaHHyeCKOrO JUCNeprupoOBaHHA, JOBeeCHHbIM JO WHcnepcHo- 
CTH, KOTOPas JOCTHrHyTa B UCcCseAyeMEIX OOpasyax rpaduta, MoxerT paccmar- 
PpuBaTbcA Kak Mpowecc, OOpaTHbI rpaduTusalluH YJIePOMHCTHIX BEeLIeCTB. 

B 3aksr1oyueHHe aBTOp Bbipaxkaer riyOokyio OarogapHocTb akay. II. A. Pe- 
6nHZepy u B. H. PoxancKomy 3a NOCTOAHHBIH MHTepec K padoTe Hu OOcyxeHHe 
Ppe3yJIbTAaTOB. 
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_TEIMJIOTEXHHKA 


Unen-koppecnonzent AH CCCP M. A. CTbIPHKOBHY u UH. JI. MOCTHHCKHH 


O BJIMNAHHM HEPABHOMEPHOCTH OBOFPEBA TIEPHMETPA 
TPYBbI HA BEJIM4UHMHY KPHTHUECKHX TENJIOBbIX 
MOTOKOB 


B coppeMeHHbIX 3HeEpreTHyueCKUX arperaTax WIMPOKO MpHMeHAIOTCA HHTCHCHB 
HO OOOrpeBaeMbie MOBEPXHOCTH, OXJIaxKJeHHe KOTOPbIX OCYLI[eCTBIAeTCH KH 
nawei Bogol. HopMaibHaad pa6ora TaKHXx arperaTOB MOxKeT OOecMe4uHBaThCs 
JIMIb IPH My3bIPbKOBOM KHMMeHHH BOI, TaK KaK NepexOJ C WY3bIPbKOBOrO KuNe 
HHA Ha MJICHOUHOe CONPOBORMaeTCA Pe3KHM MOBbILMeHHeEM TeMMepaTyPbI CTeCHO! 
TpyO HM MOxKeT MpHBecTH K HX MOBpexyeHHIo. Ilostomy u3syy4eHHIO YCJIOBHM BOs 
HHKHOBeCHHA KPH3HCa KMMeHHA yeAeTCA OCOO0e BHHMAHHe, HM B HacTosiee Bpe 
MA B 9TOH OONACTH MOMYYeHO MHOTO 3KCMEPHMeHTaJIbHbIX JaHHbIX. OfHakO Uc-: 
CJI€OBAHHA MPOBOLWHCb, Kak WpaBUJlO, pH paBHOMepHOM OOorpeBe NepuMetpi 
tTpy6. Mexyy TeM, B pale TeXHHYeCKUX YCTPOHCTB TpyObl m0 nepuMeTpy OOorpe 
BaloTCA HepaBHOMepHO. 

[lembro HacTOAehH paOorbl ABHJIOCb HCCMeLOBaHHe BJIMAHHA HEPABHOMeEPHOCTI 
o6orpeBa NepuMeTpa MaporeHepupytollHx TpyO Ha BeJIMYHHY KPHTHYeCKHX Te 
BbIX IOTOKOB pH MOAbeEMHOM JBYHXKeCHHH BOJbI MW WapO-BOAAHOH CMecH. 

OnpiTbl* MpoBosusidcb Kak MIpH HepaBHOMepHOM, Tak H (JIA cpaBHeHHA 
IPH PaBHOMepHOM pacmpeseseHHU TeMMOBbLIX TOTOKOB MO MepHMeTpy TpyOn 
B kauecTBe 9KCMeCPHMeHTaIbHbIX YUaCTKOB MPHMeHAJMCb TpyObl H3 cTaw) 
3A1-T BHyTpeHHHM MaMeTpoM 5,65—6,03 u 18,65 MM uv AMMHO COoOoTBeTCTBeEH 
Ho 150 u 500 mm (l/d = 25). 

HepaBHomepuocth oOorpesBa OCYyilecTBIAacb MyYTeM MpomycKaHHA 3eKTpHI 
yeCKOrO TOKa 10 CielHaJIbHO H3FOTOBJICHHbIM Pa3HOCTeCHHbIM TpyOaM CO CMeleH 
HbIMH WeHTPpaMU BHYTPeHHeH MW Hapy2KHOM OKpyXHOCTeH, a Tak2xKe 0 TpyGe c up 
QOJIbHbIM 1a30M WHpHHOM 2 MM MW rulyOuHOH | MM, 3aNOJHeHHLIM cepeOpaHbl 
upumoem (cm. Tada. 1). 

SHaveHHA TeIJIOBbIX HMOTOKOB B Pa3/IMYHbIX TOUKAX OKPYKHOCTH TpyObl onp 
JeAIMCh IPH JONyUIeHHH, 4TO pacnpesemeHve JIeKTPH4eCKOrO TOKa MO ceue 
HHIO TpyObl MOMYHHAeTCA 3aKOHy Oma. Ilockombky MMOTHOCTb TOKa B OnbITa 
He mpepbuuanta 50 a/mMM”, a yacTota cocTaBuada 50 ri, Takoe Jonyuenne 
MOrJIO IIPHBeCTH K 3aMe€THbIM MOrpelHOCTamM. 

CxeMa SKCIepMMeHTa/IbHOH ycTaHOBKH HM OMHcaHve MeTOAMKM mpoBeyeHH 
ONbITOB WH OOpaOoTKH SKCIePUMeHTAJIbHBIX JAHHIX MPHBeJeHbI B padote (1 
@ukcalluaA Kpusuca KUMNeHUA MpPOUsBOAMAacb M60 10 MOKa3saHuAM TepMonaf 
MpHBapeHHbIX K CTeHKe TPyObl, HOO BUB3YaIbHO, MO MOKPacHeHHIO TpyObl 
MecTe BOSHHKHOBe€HUA Kpusuca. Korga mepexof, c Ny3bIPbKOBOrO pexkuMa KY 
Ne€HHA Ha WI€HOYHbIA MpHBOAUT K COOMbWIOMyY CKauKy TeMMepaTypbl CTeHKH ~ 
TpyOa cpa3y 2%e KpacHeeT, 06a MeToga JaloT OMMHAKOBHIe pesybTaTHI. B 30H! 
OTHOCHTEIbHO MaJIbIX CKa4UKOB TeMIepaTypa cTeHKH (MeHee 150°), uro xapat 
TePHO WIA BbICOKUX JaBJIeHHH UM OOMbIINX CKOpOCcTel HU Napocosepxanult MOTOK 
.?,°), BOSMOXKHO MIPpHMeHeHHe TOKO MepBoro MeTOsa. 


* B mpopesenuu onbitos mpwuHumamm yuactue A. A. CrasposcKnii, JI. E. @MaktToposn 
VW. C. Waros, M. A. Kanamnuxopa, M. M. Eropos, M. HV. Tleryxon u M. YH. Kaszennop, 
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IIpu o6pa6oTKe skcnepuMeHTaIbHbIX JaHHBIX, NOJIYYCHHIX B OMNbITaxX C 
HepaBHOMepHbIM OOorpeBOM TpyObl, B CeyeHUN, Te BOSHMKaJ KPU3HC, oMpe- 
CMAJMCb TPH 3HAYCHHA YyeJIbHEIX TeMJIOBbIX MOTOKOB: HanOovIbiuM (MO BHy- 
peHHeMy MepuMeTpy) TemoBol MoToK q,—B MecTe HaWOosbueli TOMEI 


TEHKM,; HAMMeHbIIMH TeMJIOBOH MOTOK qg,—B MecTe HaMMeHbIleli TOJL{MHbI 


Ta6auna 1 


Rees TC PaBHoMepH. 
Le hy eaMeiban [men One ty ji Geeta Oe 

day» MM 5,65 | 18,65] 5,65 | 5,95] 5,95] 5,95] 5,65/5,65—6,0/18,65 
96/Iep TeeOnatyb3.| A164 Ne2,08 | 257312 53/8, 681 1 A 
96/ Voy SUR | CoC aS ret 10 tle 1 


@Mopma nMonepeyHoro cevenusn 


599909 


12 35,6 PabHOmMepH. 
: gk. oboepe: 


STeHKM M CpeMHHM TeMMOBOM MOTOK q,,, PaCCUMTbIBAeMbI MO CyMMapHOli su1eK- 


TpHueckoli MouHOcTH. Kpu3nuc kuNeHuA BCera BO3HUKaJ MO OOpasyioileh, coor- 
BeTCTBYIOWeH HanOobUeH  TOJINMHE 
TeHKH TpyObl. 

| HepapyomepxHoctb o6orpeBa B Mep- 
BOM [pHOM%KeHHM XapakTepu3yeTc# 
DTHOWeCHHAMH 95/9.. H o/Gy, Ompe- 
NeJIA€EMbIMH B OCHOBHOM reoMeTpuue- 
CKMMU pa3MepaMu HM MaTepuasom Tpy6, 


Khan/m?.vae 


hTakKe NomepeuHble CeveHHA, ompe- 
eJIAioulMe XapakTep pacnpeyeseHus 
elJIOBbIX  MOTOKOB MO lepHMerpy 
PKCIEPUMeHTAJIbHBIX TPyO, MPHBeeHbI 
B Ta6u. 1. 
OnbiTbl 10 HCcCJIeLOBaHHIO BUJIMAHMA 
HepaBHOMepHocTH OOorpeBa Ha 3Haye- 
HMA KPHTHUeCKHX TEIVJIOBbIX MOTOKOB 
MpoBoqusiucb mupH jaBleHuax 26; 100 
H 180 ara, BeCOBbIX CKOPOCTAX Wg OT 
200 no 2000 KI /m?-cek wu mapocojepxKa- 
Huax x oT 0 go 1. Ilomyuenupie pe3yub- 
(aTbl KaYeCTBEHHO (a JIA Culyuan paBHO- Puc. 1. Bauaune nepapuomepHoctu 060- 
epHoro o6orpepa HM KOvlMYecTBeHHO) TPeBA TpyObl 7HamMetTpom 6 MM Ha 3HaueHUA 
OrsacylOTCA C OMbITHbIMM JaHHbIMH pa- 1 HpH w, = 850 KI / M?-cek 
bor (1,?). [Ipu qaBmenuax 26 u 100 ata 

BecoBbIxX cKopoctax 200; 400; 
BOO KI /mM?-cek (4 1200 xI/m?-cek npu p= 26 ata) KpuTuueckue TensoBbie 
OTOKH Cc yBeJIMYeHHeM Mapocoyepxanud oT x = 0 cHauama BO3pacTatoT, JO- 
THPaloT MaKCHMaJIbHbIX 3Ha4UeCHHM Mp HEKOTOpbIX NapocofepxKaHuaxO <x <1, 
sareM yMeHbuuaiorca. IIpa x= 1 sHavenua qf, upuOuMxKatotca K Hyvo. IIpu 


= 100 ara u wzg= 2000 xkI/m?-cex, a Takxe BO BCeM HCCJIeqOBaHHOM 
Wana30He W3Me€HeEHHA BeCOBbIX cKOpocTeH pH p == 180 ata, nowyyeHHbie 


317 


{ 
: 


\ 


oun : B 2 y 
3aBHCUMOCTH 9. = f(x) mpu w= const MMeloT MOHOTOHHO yObIBalollu Xa 


pakTep. } 
Ha puc. | mpeyctapmeHb! HanOovlee XapakTepHble 3aBMCMMOCTH KPHTHMC: | 


CKUX TeIVIOBbIX NOTOKOB OT MapocoyepxaHHA, MOJIyYeHHbIe B OLbITaXx C pasHon, 
HepaBHOMepHOcTLIO oOorpeBa TpyObl AHaMeTpoM 6 MM MIpH Wg = 850 KI/M?-ceK 
vu japmenuax 100 u 180 ata. M3 paccmorpeHua pic. 1 cnemyeT, uTO HasmMmune 


HepaBHOMepHOrTO o6orpeBa MpakTHyeckKW He MeCHAeT XapakTepa KPMBbIX, H3MCHAA 
JIMIb aOCOJIOTHbIe 3Hade- 


kkan/oeuat HU ge, KOTOpble Mp Mmpo-' 
UMX paBHbIX YCJIOBHAX C | 
pocTom HepaBHOMepHOCTH 
oGorpeBa, XapakTepH3yemon 
OTHOMeHHEM 4, / 4.5» BO3pa- | 
CTaIOT; 3aBHCHMOCTH a OT 
OTHOMIeCHHA g,/q,, He HaOJHO- | 
Pue. 2. Banaue pepe eeee Cy o6orpeBa TpyOnl jlaerca. 
mMameTpoM 18,65 MM Ha 3HaueHHA g,, MpH Wy = B mpouecce uccrezoBa- 
= 2 REeS HHA YCTaHOBJIeHO, YTO yBe- 
JiMueHHe HepaBHOMepHOCTH 
o6orpepa 3a CU¥eT CHMKeHHA TeMOBOM Harpy3KH B TOHKOM YacTH TpyObly 
(yTOHeHHe CTeHKH) He CKa3bIBaeTCA "Ha BeJIMUMHE GP, MexKy TEM KaK M3Me- 


HeEHHe 3MIOpbl TeMJIOBbIX MOTOKOB B 30H€ HHTCHCHBHOrO OOorpeBa MpH MOcTOAH-! 
HOM COOTHOWEHHH g,/q, (TpyObt NeNe 6 u 7) oKasbiBaeT Ha qe. CYILeCTBEH- * 


Hoe BJIMAHHE. 
Ha puc. 2 npefctasue- 
Hbl 3HaYeHHA g°, IPH paBHO- khan/m aac 


MepHOM UH HepaBHOMepHOM 
o6orpeBax, MOJIYYeHHbIe B 
onbirax c TpyOoH BHYyTpeH- 
HMM flMametpom 18,65 mM 
MMpH BecoBoh cCkOpocTH 
200 «I /m?-cek. wv JaBsieHHaAx 
200 u 180 ara. 

V3 conocraBuieHusa puc. | 
u 2 cwsieqyeT, 4TO C yBe- 
JIMYeHHeEM fMaMeTpa TpyObl 
BJIMAHHe HepaBHOMepHOCTH 
oOorpeBa Ha gf, cyllecT- 
BeHHO YMeHbUIaeTCH: WA 
TpyOn! dsy = 18,65 mM npn 
p = 100 ara kputTuueckue TelIoBble NOTOKH pH HepaBHOMepHOM o6orpeBe mpe-| 
BbIMMAIOT TAKOBLIE JIA CYAN PaBHOMepHOro OOorpeBa BCerO JIM Ha 25%, a pH| 
p = 180 ata Takoro pa3muuuA BoOOmle He HaOmoaeTca. ] 

BuusaHue HepaBHOMepHocTH oOOorpeBa TpyObl MO MepuMeTpy Ha 3HayeHHA| 
KPHTHYECKHX TeMVJIOBBIX NMOTOKOB H oOcsaOseHHe STOrO BMAHUA (pH TOK «eK 
He€paBHOMepHOCTH) C YBeJIMYCHHeEM JMaMeTpa MOXKHO OODACHUTH CJeLYIOULUM| 
odpasom. Kpusuc KMNeHHA— ABJIeHHe JIOKaIbHOe, KOTOpOe Mpoucxo_UT mpH| 
OMpeeeHHbIX THApOtMHaMMuecKHX ycuoBMAX. IIpu paBHomMepHom oGorpeBe| 
3TH YCJIOBHA MO BCeH OKPy2XHOCTH TpyOb! MpHMepHO oANHaKkoBHI. IIpu HepaBHo-| 
MepHOM »e OOorpeBe, KOrla TeMJIOBOH MOTOK MO NepuMeTpy TpyO6bl cytecT=| 
BeHHO Me€HAeCTCA, MeCHAIOTCA HM Tuspowunamuyeckue ycopua. Ilo mMepe ymeHb-| 
I€HHA TEMJOBOrO MOTOKa YMeHbIUIaeTCA NapooOpasoBaHnre, T. €. B MOrpaHAyHOM| 
CJIO€ YBeJIMUMBaeTCA BylarocofepmKanve. 3a cueT MOMepeyHbIX TOKOB, CBOH-| 
CTBCHHBIX BCAKOMy TypOyJIeEHTHOMy TeYeHHIO, BOA C MECT, OTHOCHTebHO! 
ca6o OOorpeBaeMbIX, HaXOJALMXCH B YCIOBUAX, [aJIeKUX OT BO3HHKHOBeHUA| 
KpH3HCa KHNeHMA, MoMaqaeT B 30HY HavOosee MHTeHCHBHOTO OGorpeBa, 3a-| 
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Puc. 8. O6paOoTKa 9KcnepHMeHTaJbHEIX  jlaHHBIX,| 
MOYYeHHBIX B OMbITaxX Cc TpyOoH d,,—=6 MM OpH 


w, = 850 KI / M@-cek 1 


i 
DyYAHAA OOpasoBaHHe Ha CTeHKe yCTOMUMBOH CMVIOWIHOH MieHKH napa. Ja 
py6 Masloro QWaMetpa (B HallleM curyyae ds,—=6 MM) paccToAHve Mex,Ly 
OHaMH C CYIeCTBeEHHO OTJIMUAIOIUIeliCa MHTCHCMBHOCTbIO OOOrpeBa Mayo Hu 
IMAHMe HEpaBHOMePHOCTH Ha BeJIMYMHY KPHTHUCCKHX TEMJIOBbIX IOTOKOB BeJINKO. 
} TpyOe GoulbuIoro AMameTpa (18,65 mM) rpayMeHT TemoBoro MoTOKa m0 
epuMeTpy TpyObl (pH TOM 2Ke THMe SMIOpbl TeMJIOBbIX NOTOKOB HM MpHMepHO 
eX Ke 3HaUeCHHAX I6! Vep W 4,/4,,) SHAYMTEJIbHO MeHbINe, 30HbI pasHoro O6o- 
peBa HaXOMATCA Ha OO/bUIOM pacCTOAHMM pyr OT Apyra, YO MH MpHBOLUT 
—ocmaOuIeHHIO 3TOTO BJIMAHMA. 

OrcyTcTBHe 3aMeTHOTO BJIMAHHA OTHOMeHHA g,/q,, Ha Gus laeT BO3MO%K- 


OcTb MpeANouvaraTb, YTO Marke B TpyOaX OTHOCHTe/IbHO MaJloro BHYTpeHHero 
iaameTpa (6 MM), re 30Ha 
au6oulee cya6oro o6orpeBpa 
CTOHT OT MeCTa BO3HHK- 
OBCHHA Kpu3HCa MO nepH- 
etpy Ha 8—9 MM, a no 
opMaiu Ha 6 MM, paccTos- 
ve M@xKy 932THMH 30HaMu 
OCTaTOUHO BeJIHKO, UTOODI 
AMeTHOrO MepeHoca BularH 
ciofla B 30HY Kpyv3vca He 
poucxoyuo. 

B pesyibtate OOpaOoTKH BCeX 3KCMePpHMeHTAJIbHbIX JaHHbIX, MOJYYCHHBIX 
HacToAleH paOote, MpesaraeTcA SMNMpHueCcKad 3aBHCHMOCTb, alolllad BO3- 
pens OWe€HHBaTb BJIMAHHe HepaBHOMepHoCcTH OCOorpeBa TpyO No MepuMeTpy 


Kkan/m*yac 


Puc. 4. O6pa6oTka 9SKCMepHMeHTAabHbIX  aHHBIX B 
onbitax c Tpy6oH d,,— 18,65 mM mpw w,= 


= 200 xf /m?-cex u p, papHom 100 u 180 ata 


BeJIMUHHY a BO BC€M HCCJICMOBaHHOM JHalla30He H3MeCHEHHA WapaMeTPOB 
THHOB SITOp TeIMJIOBbIX TOTOKOB; 


6 
g ay 
Se eet — ( 
Vp Ao¥ Pro 


seas i 


ides 


ine ep — OKAJIbHOe 3HaveHHe KPHTHYeECKOrO TeNJIOBOrO NOTOKa B MeCTE BOS3- 


IMKHOBeHUA KpH3NCa KUMeHHA (B HavOoJIee TOJICTOH MO MepHmMeTpy uacTH 
pyObl), KKaJI/M"-4ac; q?,— To %Ke JA Cy4ad paBHOMepHOro OOorpeBa Tpy6bl, 
IKaJl/M?-4yac; x—BecoBoe mMapocofepxKaHve MoTOKa B MeCTe BO3HHKHOBeHHA 
ipusuca; Pe) = C Weldon /Muw Pro = Cg /’ — 6e3pa3mepHbie KpuTepuu Ilexue 
| IIpanaraa, oTHeceHHbIe K MapaMeTpaM 2KHAKOCTH pH TemilepatType HAaCbI- 
leHUA. 

PesymbTaTbl O6paOoTKH 2KCMepMMeHTAJbHbIX JaHHbIx mp p, paBHom 100 
180 ara, wg = 850 xI'/m?-cexk fa Tpy6 dp, =6 MM HU Wg = 200 xI/M?-cex 
laa Tpy6 dzy = 18,65 mm no dopmyse (1) mpegctaBeHbt Ha puc. 3 u 4; 


6 
cayih att Ip 
Fp bay Ott ‘) 
Pe,?Pro \fep 


)TKOHCHUA NOMYYCHHBIX 3HavYeHH OT JIMHMHM, COOTBETCTBYIONI[eH 3aBHCHMOCTH 
0, OT x Jd paBHOMepHoro OGorpeBa, He MpeBbilaior 25—30%, T. €. WexKatT 
| mpemenax oObluHoro vid paOor Mo uccreqOBaHHio KPH3HCa KUNeHHA pas- 
|poca SKCIepHMeHTaJIbHbIX JLAHHbIX. 


Quepreruyeckuit uucTuTyT uM. T. M. KpxxuxxaHosckoro Tlocrynuao 
Axkaylemun Hayk CCCP 28 IV 1959 


WMTUPOBAHHASA JIMTEPATYPA 


13. J. Muponoascekuih, MH. JI. MoctTunckui, Tennoonepremxa, Ne 11, 
4(1958). 23. J. Muponoapnckud, M.E, Wuuman, Coopu. Uccnefopanna Ten- 
ooTyauH K napy HM Bose, KUMAMEM B TpyOax MpH BLICOKUX JaBJeHUAX, 1958, ctp. 24. ®H. JI. 
foctTuuckui, tam xe, crp. 1dl. 
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Jloxnuagn Akanemun Hayk CCCP 
1959. Tom 127, N 2 


QIEKTPOTEXH Hig 


A. Wl. TAJIAHLEB 


OB AHAJIM3E NOTEHIMAJIbBHO-UMINYJIBCHbIX CXEM 
NPM MOMOLMIH CHEMMAJIbBHbIX OMEPATOPOB IIEPEXOJA 


(ITpedemaeaneno axademuxom B. C. Kyae6akunoim 17 IIT 1959) 


IIpu uccieqopanuu pa3JIMuHbIX CXeM, MepepaOaTbIBalOWIMX WAppoBylo HH 
cbopMallMio, OObINHO MPHMeHAIOTCA JIOrHKO-alreOpanyeckHe MeTOJBI. Jina stTor¢ 
Pa3BHTbl JOCTaTOUHO aSKBAaTHble MeTOJbI aHaslM3a HM CHHTe3a Kak MOTeHIMaIb 
HbIX, TaK HM MMINYJIbCHBIX cxem (+,7). OqHaKO MpHMeHeHHe STHX METOJOB K HC 
CJI@lOBaHHIO CX€M, B KOTOPbIX OJHOBPeMeCHHO HCIIOJIbSyIOTCA NOTCHIMaJIbHBI 
HM MMIMYJIbCHbIe pe?KHMbI, OrpanHuyeno. B aTux CyyadX BOSHUKAaeT HEOOXOLMMOCT! 
(POpMaJIbHO OMNHCbIBATh H3MeCHEHHUA COCTOAHHH HEKOTOPbIX 93JICMCHTO) 
CXeM, llepeXxOJbl H3 OMHOFO COCTOAHHA B Apyroe u T. A. B HacTosulelH 3aMeTKi 
yelaeTcA MOMbITKa MOCTPpOeHHA asIreOpanyeckoro ammapata, npeqHasHayeHHOrt 
WJIA aHasiu3a TaKUX CXeM. 

1. PaccmorpuM dJleKTpHuecKy1o CXeMy, B KOTOPOH HHPOPpMaluA MpescTaB 
JIfeTCA JIBOMYHbDIMM 3HakaMH. Kaka W3 BXOJHbIX HM BbIXOJHbIX IWHH TaKOl} 
CX€MbI B JIIOGOH MOM€HT BpeMeHH ¢ MOET HAXOAUTLCA B OJHOM U3 JIBYX COCTOA 
HHH, pasMuaeMbIX, HaNpUMep, YPOBHAMH HalIpAxKeHHH, MOMAPHOCThIO HU T. J 
OHOMY H3 9THX COCTOAHHH MpunucbiBaeTcA 3HakK | («eqHHHUHOe COCTOAHHe») 
pyromy — 3Hak 0 («HysleBoe cocTosHHe»). 3Haku 1, 0 cyTb 3HaueHHA JOrHue) 
ckoH mepemMeHHou Z(f). 

ByjeM pa3imuyaTb 2Ba Bula MepeMeHHbIx Z(t): a) MepemeHHbIe X(t), usMme} 
H€HHA 3HaYeHHH KOTOPbIX Pa3JeJeHbl HHTepBaslaMu BpemeHu At > T, rye T—| 
(UKCHPOBaHHbIM MHTepBaJl BPeCMeHH, XapaKTePHSyIOWMMH NOTeHWHaJIbHbIM pe 
XKHM paOOTbl CXe€MbI (HalpHMep, HaHMeHbllee BpeMA NOauH MHdopMann)| 
6) nepemenupte Y (£), y KOTOPbIX HHTePBaJIbI HYJIEBOrO 3HAYCHHA MMEIOT JUTeIb | 
Hoctb Af >T, a eRHHWUHOe 3HAYeHHe COXPaHAeTCA HEH3MCHHBIM B TeYeHHIh 
MHTepBasloB Bpemenu A ¢< +, rye t — HEKOTOPbIH HHTePBal BPeMeHH, XapakTe) 
PU3YIOULMH UMMYJIbCHbIM pexKUM paOoTH! CXeMbI (10, t MOXKHO NOHMMATH, HalpH} 
Mep, BPeMA MepeXOMHbIX MpoleccoB B cxeMe). Ha BeMYHHY t HakJlalbiBaeTcsh 
TpeOoBaHHe t< T. 

Tlepemenupie X(t) u Y(t) Ha3g0BeM COOTBeTCTBeHHO MOTE HI HAZ BI 
HBIMH H HMI YJbCHBIMH MNepemenHbIMH. B stow 3aMeTKe MbI Oyen 
PaCCMAaTPHBAaTb JIMLMIb TAKE CXEMBI, Y KOTOPHIX BC€ BXOMHbIC WIMHbI OMMCHIBAaIOTCs) 
NOTCHUMAJIbHbIMH MePCMeCHHBIMH, a BCe BLIXOJHbIe— MMIMYJIbCHBIMH. Takne cxeMEl 
MbI Ha30BEM ORHOPORHBIMH NOTCHUHANABHO-UYMNY ASCH BE! 
MH cCxXeMaMu. B 9THx CxeMax BCerla HMEIOTCA 9JICMCHTHI, KOTOPBII( 
mpeoOpasyioT MOTeHUHAJIbHbIe Nepe€MeHHbIe B MMITYJIBCHEIe. . 

2. Byjlem yTBepxaTb, YTO B MOMeHT BpemMeHH ¢t EL HHUUHOeE 3Ha Yel 
HHe MepeMeHHOH Zit)mepexoWuT B HYAeEBOER, ecau cymel 
cTByeT TaKOH HHTepBal BpemMeHH 6>c, uro Z(t’) = 1 u Z(t’) = O aaa Bee} 
MOMEHTOB BpeMeHH 7?’ ut” TaKMX, 4TO 


b= O<al it, oli Paul ere: (1| 

AHaJlOrH4HO MbI OyeM yTBep2KJaTb, YTO B MOMeHT BpemeHH ¢ HysleBoe 3Ha} 

ueHue Z(t) NepexouT B CAMHMYHOe, CCIM CylecTByeT TaKOH MHTepBa BPeMeH}: 

6 > +, uro Z(t’) = 0 u Z(t”) = 1 Ana Bcex Momentos Bpemenu ?’ u ¢”, yqoBsel 

TBOPAIOULHX (1). 
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Hasmune (CooTBeTcTBeHHO, OTCYTCTBHe) B MOMeHT ¢ Mepexoya eqHHHUHOTO 
3HaueHHa Z(t) B HysleBoe OyeM ONMCHIBaTh paBeHcTBoM dZ(t) = | (coorserT- 
cTBeHHO, dZ(¢) = 0). Torga Hamuuue (oTcyTcTBHe) B MOMeHT ¢ nepexoga HyJie- 
Boro 3HaueHua Z(t) B eqMHHYHOe BEIPasHTca paBeHcTBoM dZ(t) = 1 (coorseT- 
icTBeHHO, dZ(t) = 0). 

ByjleM yTBep2xKaTb, YTO B MOMe€HT BpeMeHH tf HSMECHAHeCTCA 3HAYE- 
Hue TNepeMeHHOH Z(Z), ecuu umeet mecto: DZ(t) = 1, rae 


DZ (t) = dZ(t) V dZ (t). (2) 


YcJIOBUMCA CUHTaTh Bpemat OOuIuM Jin Bcex Z(t) uw He OyeM Coupe yKa- 
3bIBaTb €FO B (bOpMywlax. CHMBOJIBI dt u D Ha30BeM ONepaTopaMH Mepexoya Hay 
JOrHyeCKHMH (PyHKUMAMH. 

3. OrmeTHM HeKOTOpbIe CBOHCTBa OMepaTopos d u D. 2 

3,1) [Ipumenenne onepatopos d u D k dbyHKuNAM Tuna X nopoxKaer PyHK- 
wuio Tuna Y. 

3,2) []pumeHenue onepatopa d K dyHKWuAM Tuna Y nopoxpaeTt PyHKUHIO, 
TOXKJECTBEHHO PaBHYIO HYVII0: 


GY .==+0. (3) 
| 3,3) []pumeHeHue onepatopa d K KOHCTaHTaM NopoxKaer (PyHKIHIO, TOR Je- 
}CTBEHHO paBHy!O HyJII0: 

di =0, d0O=0. (4) 


M3 npeqnomennii 3,1), 3,2) 13,3)caenyer, TO MHOrOKpaTHOe NPHMeHeHHe One- 
| patopa d k @yHKUMAM Tuna X NopoxMaeT PyHKIULMIO, TORECTBEHHO PaBHY!0 HYJIO 


d...ddX = 0. (5) 


Pesymbtatht (3), (4) u (5) pacnpocrpaHstoTca w Ha omepaTop D nytTem 
‘3aMeHbI B HHX cuMBOIa d Ha D. Onepatops) d u D OyayT npumeuareca B 
|JasibHetiteM TONbKO K byHKiusmM Tua X. ith 

3,4) He moxer 6bITb ofHOBpemMeHHO dX = 1 u dX = 1, T. e. 


dX &dX =0. (6) 
3,5) MmMeetT MecTo 2KBHBaJICHTHOCTD: 
DX = DX. (7) 


4, TIpumenum onepatopsi d u D k Oynespim cbyHkuMAM. Herpyquo ycrta- 
HOBUTb CJlely!ollHe IKBUBaJICHTHOCTH *: 


| d (XV X») = XKydXy V XpdX, V dXydX;: (8) 
Bai X week 1 ey Ane ant id oa (9) 
D(X Ne) = aD Aa eDA WV dA daa ON dX: (10) 

D(X1X) = X,DX, V X,DX, V dX,dX, V dX,dX,. (11) 


IIpappie uactu (8), (9), (10) u (11) Ha30BemM DU3SbIWOKTHBHEIMH pas- 
OKC HUAMH COOTBETCTBYIOMIMX oMepaTopoB d umm D oT AM3bIOHKUMH MIM 
OT KOHBIOHKIH **. 


* Hwxe 3Hak & yale Bcero omyckKaeTCA H BBOAATCA OOO3HAUeHHA: 
n n 
MV Aue Od, Vo edd Ves Veg ea gp AL AOR on 2 SOK. 
cA it 


** VnTepecHO OTMeTHTb aHaJOrMio BbIpawkenua (9) c H3BeCTHOH PopMywolH MaTemaruue- 
ckoro aHamusa d (uv) =udv +vdu-+ dudv. Ananorua ocHoBaHa Ha COOTBETCTBHH KOH bIOHK- 
WHu apHdMerwyeckKoMy YMHOXKeHUIO H LH3bIOHKIUMH — TaKOMY %Ke CJlOwKeHuIO. OfHAaKO aHa- 
JOrua cpa3y %Ke HapyllaeTca, ecM OOpaTHTbCA K BbIpawkeHHaM (8), (10) wu (11), comepxa- 
IMM ONepaluio JoruyecKkoro OTpHuaHHA. Tem He MeHee OnepaTop d MOXKHO OnIIO Obl Ha3BaTb 


“qudepexuvasom» soruueckoh pyHkuuH. 
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Tenepb mpumMenum onepaTops! d u D k MIpOW3BOJIbHOH OymeBoH PyHKILMH | 
P(XGGaXG 8 Os En) 


pay ae B 
O6osHauum uepe3 F ( ao si He) dbyuxunto F (Xy, Xe,..-,Xn), Y KOTOpOU | 


BMeCTO Me@PpeMeHHBIX X;z,,..., Xip (ic = Tot, 1i ol oo Ree ny) | 
MOMCTABJICHbI COOTBETCTBEHHO MIPOW3BOJbHbIe OyvleBbl GyHKUMH /;,..., Pre 


Tlonomum manee X°=X, X1=X. 
Tlu3pioHKTHBHOe pasiowKeHue dF uMeeT BUI: 
n 1 1 n XA wtts the X — X7,-++X; 
DR ke \ ea as ame, F a al ‘ =i 


k=1 Pi=0 Pp=0 t.-olp Pi--~Pp Pi--+ Pp 


& dX, (12) § 


s=1 


n q 

(3mecb \/ O3HauaeT JM3bIOHKIUMIO M0 BCCBOSMOXKHbIM COU€TAHHAM W3 HHACK- ff 
ty,.0,bp 4 | 

COB Cn eR ern ano Ak); q 

PesymptaT ia DF avanoruueH; OH MOKeT ObITb MOJTyyeH H3 paBeHCTBA | 
DES dr var. 

Tlycrb B 1060! MOMeHT BpeMeHH MOXKET H3MCHATBCA BHaYeHve He Oosee 
ueM OMHOH MepeMeHHOM u3 COBOKyMHOCTH Xj, Xe,...,Xn. ITO orpaHuyenue ff 
Ha30BeM «YCJIOBHEM HecoBlaweHuaA mepexogos». Jima sToro BayKHOrO B NPHJiO- 
*KeHHAX Cayyan cbopmysbl Aa dF u DF ympowjarotcsa: 


1 n x ae Ses I 
dF = Pict eye. 13 
ve Me G ) ¢ ) ( ) | 
\ X\ BIKA y R(X X 
DFM | FAG EAGSI MOF ae eh, lea 14 
M [FG EG) YFG) Fo] DX a4) | 
5. Pacemotpum npumep. Ha puc. | u306paxeHa Tak Ha3bIBaeMad KBaH- H 
TOBaHHad WkKaJia C JBYMA BOCIPHHMMaIOWUMH OpraHamy 0, u Oz. OpraHbl cMe- | 
poe ds ¥ 
4 Fz 
Pue. 4 


W€HbI OJMH OTHOCHTebHO Apyroro Ha NOJOBMHY wara wKkasl. B rexHuueckux 
IPHJIOMKCHHAX BOSHHKAeT 3afaya pacno3HaBaHHA HallpaBeHHA JBUXKeHUA KBaH- | 
TOBaHHOM UIKaJIbl OTHOCHTEJIbHO HeEMOABMXKHBIX OpraHos (°). Oprax 0; (i = 1, 2) } 
OXapakTepu3yeM COOTBeTCTByIOMeH cbyHKuneH X; (i = 1, 2), KoTopaa paBua |, | 
eCJIM HalpoTus oprana 0; HaxoyATCA YepHad TouKa UWikaJbl, HM paBHa 0, ecm J 
Oenad Touka. J[BMxKeHMe IIKaJIbI ONMINeEM sOrMyeCKHMH dyHKUHAMU ¢ u 4d, } 
@yxKunu 9 u > MOryT NPHHAMaTb 3HaveHve, paBHoe |, TombKO Torda, Kora | 
UIKaia [BH2KETCA COOTBETCTBedHO CpaBa HasieBo M cyeBa HanpaBo. Axawns | 
JIBHXKEHUA LWKaJibl Waer: 


ip st Kid XS Ve My Ng WX sg es (15) | 


O = XodXi VN Xa, V Agdke V Xo (16) | 


DyHKUHA P MU b peaMHsyIOTCA OAHOPOAHO! NOTeHIMabHO-AMNYIbCHOH Cxe- 
MOH C JBYMA BXOJHBIMA WHHaMH HW JBYMA BbIXOLHDIMM. BxomHble WHI One | 
cbipaiorcd yHKiMaMH X, Wu Xp, a BbIXOLHbIe —dyHkuusamu 9 u >. Anas 
NOTCHI[MaJIbHO-HMMYJIbCHBIX CXE€M IPH MOMOILH OMepaTopoB mepexoja 03Bo- | 
JA€T CTABHTb 3afauy O CMelHaIbHbIX MpeooOpasoBaHHax TaKMxX cxeM. Tak 
HallpHMep, Jia PYHKUMH ~ u  WemecooOpa3Ho uccCuIeMoBaTb: He CyIecTBYIOT | 
JM Takue dyHkuuu © un VY, uro p=dD uv b=d¥. Haxomyenue raxux | 
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' 
; 
epBooOpasHElx» (YHKUM YacTO JaeT BO3MOXKHOCTb 3HadHTeJIbHO yMpowlaTb 
eMBbI OMMCwIBaeMoro KJlacca. MoxHO MoKa3aTb, YTO WIA ~ HP He CyMecT- 
eT mepBooOpasHplx dyHkunH. Onnaxo Wa 9 u b coOmomaeTca ycsIOBHe He- 
BilaeHuda mepexoyos. Mcnomb3syA ero, a Take cBolicTBo (6), BbIpaxkeHHA 
5) u (16) MoxHo npexcTaBuTb B Bue 


p = d(X,X_ V XyXo) DXq V d(XyX_ V XqX0) DX; (17) 


b = d(XyX_ V XiXo) DX; V d(XiX_ V X1Xa) DX» (18) 


uctema (17), (18) peanusyetca 6onee mpocTok cxemoli, yem cuctema (15), (16). 

AsBTop BbipaxKaeT Mpv3HaTebHocTb. B. A. TpanesHuKopy, B. HW. Wecta- 
opy wu M. JI. Lhersmumnyj3a uuTepec K paOoTe M WeHHbIe 3aMeyaHHA pH 
CYKCHHH pe3yJIbTAaTOB. 


VucTHTyT aBTOMaTHKH HM TejleMexaHHKH Tloctynuso 
AxkaylemHu HayK CCCP 14 II 1959 


WHMTHPOBAHHAA JIMTEPATYPA 


1 CHHTe3 SMCKTPOHHBIX BbIUMCIMTEIbHBIX H YMpPaBAIOWHX CXeM, Mep. C aHIv. Mod peg. 
}. MW. Weceraxopa, M., 1954. 2 M. JI. Wetaun, JAH, 117, Ne6 (1957), 3A. OI. T a- 
auimes, Astomar. u Teremex., 20, Ne 3 (1959). 
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Worknagn Akagqemun nayk CCCP 
1959. Tom 127, Ne 2 


XHMHA 


A. E. AFPOHOMOB, axanemux A. A. BAJIAHAHH wu ¥0O. C. MAPJIATIIEB 


CPABHEHHWE-KHHETHYECKHX OTHOCHTEJIBHbIX 
A JCOPBL.MOHHbIX KOI®S®HUMEHTOB C OTHOCHTEJIBHbIMH 
AACOPBUMOHHbIMH KOI®SHUWMEHTAMH, ONPEAEJIEHHbIMU 
NO YPABHEHHIEO BIT 


PasBuBad mpefcrapienua JlaHrMiopa, Bpyuasyp, Svmett u Tessep (+) 
iB 1938 r. BbIBemH ypaBHeHHe NOJHMOJeKYJIAPHOH acopOunNH, yUHTHIBarOLIee 
B3aHMOJeHCTBUA alcopOeHT — ajcopOaT B MepBOM CJI0e H OTHOCAIIeecaA K alcopo- 
WMH Ha BCelH NOBepxXHOcTH ypaBHeHHe BOT: 


SORTA} Ce al (1) 
a(p,— Pp) an € Ame Ps 


i pais 0 
GPP) sp 
ISBOIAeCT ONPeeHTb afcopOuHoHHE Koaxppuuvent c. B 1942 r. ofHuM u3 
Hac (*) ObWI0 BEIBeJeHO ypaBHeHHe KMHETHKH MOHOMOJeEKYJAPHBIX PeakKUHH B MIpo- 
ITOUHOM CHCTeMe, B OCHOBY KOTOPOTO GbIIO MOMOXRKeHO ypaBHeHHe ajcopOuMOHHOH 
|M3OTEPMBI JIsurmiopa, M Obl aH MeTO, pacueTa OTHOCHTEIbHBIX alcOpOlHOHHBIX 
KOSppulweHTOB M3 KMHeETHYeCKHX JaHHbIX (°), MO3BOJIAIOULHH ONpeseHTb Be- 
IMYMHY STHX KOSPPHUHEHTOB Ha KaTaJIMTHYeCKH AKTMBHbIX WeHTpaxX MOBepx- 
HOCTH. 

Jianee B paOote (*) ypaBHeHve KHHETHKH MOHOMOJICKYJIAPHBIX peakUHi 


Tpaduueckoe peleHue ypaBHeHua (1) B KOOpAMHaTaXx m10- 


B TipOTO“HOH CHCTeMe ObWIO MOy4eHO Ge3 KaKUX-JMOO JONYULeHHH O Be U30- 
eeu ajcop6uuH. IIpu stom Oblo0 BHIBeJeHO ypaBHeHHe, KOTOPOe OTIIMYAIOCb 
OT ypaBHeHHA 43 padoTHl (2) TOMbKO TeM, UTO, KaK ObIIO NOKa3aHo (*), BXOAAMMe 
B HeFO OTHOCHTEJIbHbIe aCOPOMMOHHble KOSpPHILMeEHTbI MOLyT OTHOCHTECA K JII0- 
Oomy Buy usoTepM JlsHrmiopa, Temkuua, BOT uT. 4. [loqpo6no KuHeTHYecKHe 
MeTO[bI OMpeesIeHHA OTHOCHTEIbHbIX aAJCOPOMHOHHEIX KOSPDPHIMeHTOB pac- 
CMATPHBAaIOTCA B padore (°). 

Jia onpefeseHuA OTHOCHTeIbHOTO ajcopOuHoHHOrO KoadppuwHeHTa 43 
KHHeETHYeCCKHX JiaHHbIX MOKeT ObITb MpHMeHeHO. ypaBHeHHe (2), Tox ecT- 
BeHHoe ypaBHeHuto (52) padot (°). ; 


maha Auk 
——— 
de-A, + Cae. 


Tye m — KONMYeCTBO TpopearupoBaBluHx MOIeH, A,;— 4HCO BMYCKaeMbIX B 
peaKTOp MOJleH r-ro BellecTBa, K — KOHCTaHTa CKOPOCTH, Z-— OTHOCHTCJIbHbIN 
aJCOpONHOHHbIN KoadPpuNHeHT BellecTBa 7. YpaBHeHHe (2) JocTaTOuHO TOUHO 
no 30% mpespatlenua. YpaBHenne (1) npesnomaraerT NOBepXHOCTb OLHOPOAHON, 
ypaBHenne (2) cnpaBeIMBO Kak JJIA1 OJHOPOHEIX, TAK H WIA KBASHOJHOPOHbIX 
mopepxHocte (°). 

Vutepecuo ObiuI0 CPaBHUTb OTHOCHTEJIbHbIe aCOPOMHOHHEIe KOSPPHUHEHTHI, 
NOJIWYeHHbIe H3 ypaBHeHHa (1), c OTHOCHTebHbIMH aCOPOWHOHHbIMH KoOaddu- 
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WueHTaMH “3 ypaBHeHna (2). IIpuMeHan HeECKONbKO HHO MeTOA pellleHuA ypak 
He€HHA KHHETHKH MOHOMOJIe€KYJAPHBIX peakuni B noToKe, T. B. Antunnua , 
A. B. ®pocr (*) npoBenu nmogqo6Hoe cpaBHeHHe aOcoJOTHBIX afcopOWMOHHEI 
KOSPPULHEHTOB JIA peakIlMu JeTuApaTaluu STHMOBOTO CHUPTA Haj’ OKUCHIO aJK} 
MHHHA. ABTOPbI MPHIL K 3aKJIOUeHHIO, UTO aOCOJIOTHbIe a,COpOMMOHHbIe Koaq 
(UIMEHTHI pasHuaIOTCA Ha ABa NOPALKE 

040 2 a6 Orciofa Obl CielaH BbIBOL O pa3siuy 
HOM XapakTepe aXCOpOWHOHHBIX HM KaTasir} 
THYUeCKHX WeHTpoB. Heyapuo K. B. Tor 
queso u B. B. Pomanosckum (8) npu 6¢ 
jlee TUaTebHOH OCyIUIKe 9THJIeHa ObIdI) 
NOJIYYeHbI KHHETHYECKHe aCOPOMHOHHB! 
KOS*PHIUMEHTLI, OTIMUAIOULMecA OT Hak 
J@HHBIX B pa6ore (’). | 
B KauectBe OObeKTa HCCIEQOBaHHA MI 
OCTaHOBHJIHCb Ha peakUHH Jerugpc 
reHusalluu WukNoreKkcaHa Ha Ni-KaTauy| 
gaTopax Ha HOCHTeIAX. KaTamusaTop! 
TOTOBHIHCb mponuTKOoH Ni(OH), HocuTe 
IAC MOcNeLyIouleH CYWIKOH B CYLIHJIbHO) 
mkady mpu 110° u BoccTaHOBJeHHeM | 
TOKe BOoposa mo MeToxy, | omnHcaHHOM’ 
Puc. 1. Agcop6unonnpre Kosdpuunentss 2B (*). Ni(OH), B cBOIo o¥epeb TOTOBH 
BOT gaa Katanuzatoposn NeNe 1 (1) JlaCb OCa%KJeHHeM MOJAPHOFO pacTBOpi 
2 (2). a — Oen30n, 6 — uuKsorekcah a30THOKMCIoro HuKeA 20% pacTBO 
pom NaOH. Ocayox ormpipasica or NC 

HOHOB JMCTHMpOBaHHOH BOO (OTPUUATebHaA peakUMA Ha AupeHHaMHH) 
Kataiusatop 1 roToByica wHaye — COBMCCTHbIM OCaKJeHHeM PaCCUHTaHHBD 
KOJIMYECTB A30THOKUCIbIX Coueli Ni x Al 20% pacrsopom NaOH. [locate ormpiski 
JO OTPHIaTeIbHOH peakIlMH,Ha Ta6auna 1 | 
NO, on oOpaGaTpiBasica ujeH- 


= iss} i 
THUHO. CojylepxkaHve Ni Bo Bcex é ee da|, 
oOpasuax paBHanoch 23,5 Kataausaroy Kin Boe *poT | 2 Beh 
Bec. %. M30Tepmpl afcop6unu o8 | ofa ue 53] 
OeH30J1a H WHKOreKkcaHa CHH- 4 2 3 4 | 


MaJIHCb BeCOBbIM MeTOJOM 10 
PpaHee ONHCaHHOH MeTOuKe i 
(1°), C HCHOMb30BaHHeM KBap- Ne 1 Ni/Al,Oz 88,5 |22,1 | 4,0 |4,05 
WeBbIX MPYy2XHHHBIX BeCOB. | 

Acop6mHoHHble Koadppu- Ne 2 Ni/cunuxaremb | 22,0] 2,93] 7,3 |6,0 
wHeHThl BOT onpezenanucp A; 

Ne 3 Ni/Al,03, Al,O 

rpadwyeckH 0 ypaBHeHHIo ah ee rea | :Bpbvltedy dealededan Rome 
(1). Ha puc. 1, B kauyectBe 
MIpHMepa, HaHeCeHbl MpAMbIe Ne 4 Ni/kusenpryp | 29,0 /14,4 | 2,1 |2,45 
Jia KaTaiusaTopoB NeNe | u 5 Ni/AlsOs, 


2. Kak HSBeCTHO, OTPesOK, OT- Al,Og npompmimen. | 15,4 | 7,4 | 2,05 2,05 | 
ceKaeMbIii Ha OCH OpquHaT, JaerT | 


= 


4 r c—1 | 
BeIMYHHY >>, a TaHTeHC yIvla HaKWOHa MpsAMOl paBeH ——. Orcioné 


m m° &§ i 
BBIUMCIAMCb aCOpOWMOHHble KoadpuuHenTE! m0 BOT (cgar) Wa Geascya HE 
WMKJIOreKCaHa; HX OTHOMWEHHE MOXKHO HA3BaTb OTHOCHTEIbHbIM aCOpOMMOHHBIN 
KosppunnentomM BOT (Zpar) (cm. Ta6n. 1, rpacder 1, 2, 3). Kunernueckud 
OTHOCHTEIbHbIe aCOPOMMOHHbIe KOSPPHUMEHTH! ONpPedeNAIucb NO ypaBHed 
HHIO (2). | 

PeakuMaA jerHsporenusauMH WuKOreKcaHa MpoBo_uslacb B MpoTOUHOre 
CHcTeMe 0 paHee OMHCaHHOM MeToguKe (1°) CTaKHM KOJIMYCCTBOM KaTaJIM3aTOpar 
(o6bemom V), uTOObI MpOeHT mpeBpaljeHua He npeBbmuant 30%. Buayane IpoBo-d 
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WJICH ONbIT C UMCTHIM IHKJIOreKCaHOM; B 9TOM cyIydae ypaBHeHue (2) mpeBpa- 
aeTCA B 


aed ee (3) 

it K/2 
|JTanee pv TOH xe TemMepaType MPOBOAMJICA ONBIT CO CMECbIO, IPH 3TOM OOuIee 
KOJIHUECTBO MOJIEH BIYCKaeMOFO BelleCTBa OCTABAaOCb MOCTOAHHBIM. SaTeM CHO- 
Ba MIPOBOJMJICA OMbIT C YMCTBIM IHKJIOFeKCaHOM JIA MPOBePKH, OTCYTCTBUA BO3- 
MOXKHOTO OTPaBJICHHA KaTasM3aTopa. CoriacHO TeOpHH B. HEOCJIO2XKHCHHOM CILyyae 
KOHCTaHTbI CKOpocTH K B ypaBHeHHAX (2) 4 (3) ROJKHBI ObITh TOMKECTBEHHEI. 
OKCHepUMeHTAaIbHO.STO HaOMOJaocb B paOoTe ofHOrO u3 Hac c IO. K. IOppespim 
(**), cormacHo KoTOpod SHeprua akTUBalluN Jernsporenusaluu cMecei KCHION — 
QMMeTHIUMKOreKcaH Ha Ni/Al,O; KaTanu3aTOpOM He Me€HAeTCA BIVIOTb JO 
cmecH, cofepxamet 10% jumeTuuHKOoreKcaHa. SOTO HaOsmIoMeHHe OblI0 
NOATBepKeHO HaMH JWI cMeceli OeH301 — WHKNOreKcaH JIA KaTasMsa- 
Topa Ne 3. 


Ta6auna 2 


% Coie jee] % CoHye c 
Katanu3satop T, °C |B cmecu k re Katasu3atop T, °C|B cmecu 4 AS 
c CoH, iS c C,H, ay) 
N N 
hw 3 280 | 29,8 |4,99 
No 4 271 | 29,8 | 4,01 8/4, 
i ne eek Zo Oa WV <5 aan 65,5 | 2,40 
> V=6 ma 43,5 a 435 | 2°04 | 200 
ees el ae 65,5 |1,97 
| 289 | 65,5 | 3,99 Wes Ei es eee een Raa Rs ho MO Ih 2a 
| 43,5 |4,12| 3,95] | 
| 29,8 |3,73 Ne 4 271 | 29,8 |41,9U 
| V=6 ma 8256 12574 
| 43,4 | 2°13] 249 
| 302 | 29,8 4,15 4,45 65.5 |2’04 
No 2 277 | 43,5 |w14 = al ERG Far Re meee 
Weel 6 Son 292 | 65,5 |2,09] 2,09 


| ee eee 
65,5 |5,53 

| 8 6,12 314 | 65,5 |2,64 

| pe econ eee Oe) 29°8 }2'02| 2,47 

2°49 


| 292 | 82,6 | 6,59 
89,9 | 5,94} 5,94 


82,6 |5,29 

| EE ETE TE, alKOPSNE 5 282.| 29,8 | 2,02 
V=5,5 ma 65,5 }2,08] 2,06 

308 | 43,5 |~22| — 43°5 | 208 


B rpadax 34 Ta6.1 Wanbl 3Ha4eHUA OTHOCHTEJIbHBIX aCOPOIHOHHEIX KOa(p- 
Q@UHUMEHTOB O€H30J1a COOTBETCTBEHHO MO afCOpOWHOHHbIM H MO KHHeETHUeCKHM 
JanHbim. OOpaujaeT Ha ceOA BHUMAHHE, YTO STH Ba pAfla BEMUHH OFeHb ON3- 
KH [pyr k Apyry. He6ombmioe pacxoxw Jenne B Clyyae KaTasu3atopa Ni Ha cunu- 
Karesie, BOSMOKHO, CBASAHO C OOHAPYKEHHOH JIA STOFO KaTaJIM3aTOPa 3ABHCHMO- 
CTbIO KHHE€THYECKOFO OTHOCHTebHOrO aCOpOMMOHHOTO kKoadPuuHeHta OT co- 
cTaBa Jia cMeceli, GoraTbIx OeH30JIOM (cM. Tad. 2). 

TakuM oOpa30m, JWIA clyuad peakuuu Jeruyporenusalun wHksorekcaHa 
Hay Ni Ha HOCHTeIAX IpPHMeHHMO ypaBHeHHe BOT (cm. puc. 1) u B.AccmeOBaHHbIXx 
npefesax cocTaBa cMecel OnpaBbIBaeTCA OOLLee ypaBHeHHe KHHETHKH MOHOMOJIe- 
KYJIAPHbIX PpeaKILHH B MOTOKe M3 paboTH! (*), KaK 3TO BHZHO H3 NMOCTOAHCTBa 
Z B TaO. 2. OTHOCHTeEbHbIE aXCOPOMMOHHbIe KOI@PUUHEHTHI KaTaJMTHYeCKH 
AKTHBHbIX IlCHTPOB OKaS3bIBaIOTCA MpaKTHYeCKH PaBHbIMH OTHOCHTEJIbHBIM a]- 
COPONMOHHBIM Koad@PuuneHTaM BCeH MOBeEpXHOCTH. 
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PaBeHCTBO Zp H Zpa9t MOXKHO paCCMaTPpHBaTb KaK MOMTBeEp*KeHHe mper 
CTaBJICHHA, BbIJBHHYTOFO O2HUM M3 Hac (™) O TOM, 4TO KaTaJIHTHYeCKH AKTHB- 
HbIMH ABJIAIOTCA MecTa CO cpeftHeli CHO acopOmHH. 


Mockosckuli rocyapcTBeHHbIH YHUBepCHTeT Tloctynuso 
um. M. B. JlomoHocosa 29 IV 1959 


VucrutyT opranvueckol XHMHH 
um. H. JJ. 3enuucKoro 
Akayemuu HayK CCCP 


UHMTHPOBAHHAS JIMTEPATYPA 


1S. Brunauer, P. Be Emmett. E. feelter. Ja Antec hent cocem OU mem 
(1938). 2A. A. Ban augun, )KOX, 12, 150(1942), A. A. Banauguu, )KOX, 
12, 160 (1942). 4A. A. Banangaun, KOX, 81, 745 (1957), 5A. A. Banaugaun 
Bectu. MI'y, Ne 4, 137 (1957). § A. A. Banaugzuu, JIAH, 93,55;272 (1953), * Tage 
AuTunuHa, A. B. Opoct, KPX, 24, 860 (1950). § K. B. Tonunesa, } 
PomaHosckuh, JAH, 124, 135 (1959). 9 A. A. Banaugun, H. HW. Wye 
KUH, )KDX, 5, 707 (1934). 19 A. E. ig aoa lO. C. Map gawes, Bectu! 
MIy, Ne 3, 83 (1955). Tt Ae OA; beat abd dere LOE lOpbes, KX, 5,393 (1934) 
ae: ae Basangaun, Yq. sans MEY; Bf, 104 ¢1956) 
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Hornzagn Akayemuu nayrx CCCP 
1959. Tom 127, Nb 2 


XHMHA 
NM. B. SHMAKOB u JI, M. KOPAH 


O MEXAHHSME OBPA30BAHHA AJIbAETY OB 
IPH METH RPOXJIOPHPOBAHHM HU3WIMX AJIKMJIEHXJIOP HU PAHOB 


(ITpedcmaénend axademuxom B. A. Kasancxum 1 IV 1959) 


Hamu Opi0 moKasano (1), uTO npeBpallleHHe HU3INHX aNKUIeHXNOprUuypH- 
OB (STHJICHXJOPIuApuna, MpONMeHXJOpruspuHa) B COOTBETCTBYIOMLHe A-OKUCb 
NM asibqeruy 


| — HCl 


XOPOWHMM BbIXOJaMH NPOMCXOZNT B 3aBHCHMOCTH OT XapakTepa CpeJbI, B KO- 
Opou mpoBoyutcs peakuua. M3 AByX H3OMeEPOB MPOMUJeCHXJOPruApHHa TOAbKO 


-H30M€P MOXET UPeBpPalllaTbeA B aber, a A-H30Mep Ha Takoe MpeBpalenue 
e cmoco6eH 


B 7 
| CHe = CHCI=6Hs0H Clie. =GH(OH),.—Ciu.C) 
| 
| — HCl ae Sa 
O 
; po Joe 
H,C—CH— CH, Cus 22 CHIC HCl CH = CHs 
NV OA 
O H O 


IIpeppauieHve HH3IUHX aJIKHJICHXJIOPrHAPHHOB B G-OKHCH MpOWcXo_uT m0 
eakiuu Bropiia B cpefax c BbICOKHM PH, TaKHX, KaK PaCTBOPbI WlenoueH uu 
3BeCH PHAPaTOB OKHCed IeJIOUHO-3eMEJIBHbIX METAJJIOB (KH3BECTKOBOE MOJIOKO»). 
peppallleHHe B aJlbJlerufbl OCOOeHHO TiaqKO MpOXOAHT BO B3BeCH TuApata 3a- 
ucu HuKenxa (+). Bpiio0 3aaBsIeHO O 3aMeTHOM BbIXOJe aJIberuloB pH pas- 
OXKCHHM AJIKHJICHXJIOPrHAPHHOB B cpese «MarHe3HaJIbHOrO MosIOKa» (7). Hwxe 
PHBOAATCA HEKOTOPHIe COOOpaxKeHHA NO MOBOLY BEpOATHOTO MeXaHu3Ma MO]06- 
OH J[BOMCTBeEHHOM peakKIIMOHHOH CMOCOOHOCTH TaKHX MpOCTHIX coesqHHeHUH, 
aK HMS3IMe aJIKHJICHXJOprHApHubl. 

ANKUJICHXJIOPrMAPHHb! OONalaioT .ABYMA JIerKO MOJAPH3yeMbIMH aTOMaMH 
| un O, HaxoyauyuMuca B B-moomKeHHH Apyr kK Apyry. Takoe momoxeHHe cmo- 
OcTByeT HX MAKCHMAJIbHOMY BJIMAHMIO [pyr wa Apyra, compoBoxyaromlemyca 
epeqKO H3Me€HEHHeEM BaJICHTHBIX COCTOAHHHM OOOMX ATOMOB HJIM OJHOTO M3 HUX. 
puMepom oco6oH «aKTHBHOCTH» TakKoro f-nOJIO%KeHHA?ATOMOB XJIOpa MH WerkKoO 
ONAPH3yeMOM Cepbl ABJIAETCA MOJEKYJIa UMpHTa, OCOOaA TOKCHYHOCT KOTOPOrO 
bACHACTCA JIeETKOM BaJIeHTHOM H3MCHACMOCTbIO YKa3aHHbIX ATOMOB B €FO MC- 
ekye (°). 


CHe 


+f 
CiCHECHs 1S = CH= CHCl =. CleH, — CHS SCL 
nae S 


CHe 
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STHeHXJIOPIuApUH (HM MpOMMJIeHXJOprHApHuH), BeweyqcTBHe oco6eHHocTeh 
CBOeTO CTPOCHHA, ABAHETCA COCMHHEHUEM, B KOTOPOM €FO MOJIAPHSYeMbIe ATOMBI 
TaKIKe BeCbMa AKTHBHBI. STO OOyCOBIUBAeT CTO PeaKIMOHHYIO CHOCOOHOCTS. 
VispectTuo, uTo jlaxe Oe3BOLHbIL STHJEHXJIOPrHAPHH IPH AJIHTeJIbHOM XPaHeHue 
oOpasyeT HEKOTOPOe KOMMYECTBO XJOPHAPHHA WMSTHJICHTVIMKONA C OCBOOOXKTe- 
HHeM 9KBMBaJieHTHOrO KoHUecTBa HCl (*). Takoe mpeBpallleHve BbI3bIBaeTCA 
TepeXOJOM OT/EbHBIX MOJICKYJI XJOPIHAphHa B <aKTMBHY!0» NOApPHy10 PopMy 
C H3MCHCHHBIMH BaJIeHTHBIMH COCTOAHHAMH KuCIOpoza UM xsopa (°) 


HO—,CH2— CH2Cl = HsC — CH + Cl’ 
NA 
Ot 


| 
H 


Panee OpIo MOKa3aHO, YTO HM€HHO Yepe3 TaKyIO AKTHBHY!IO MOPMY MOJIeK YJB) 
XJIOPrHApuHa C OKCOHHEBLIM KHCJIOPOLOM HM HOHHBIM XJIOPOM MpoTeKaeT peak: 
wun Bropya, mpHBo_aman kK OOpa30BaHHio OKHCH 9THIeHA (°) 


NaOH 
WA 
Or 
| 
isl 


Soi 


O 


O6pa3o0BaHHe OKHCH MpONHJeHa U3 NPONMMJIeEHXJOPpruypHHa MpoTeKaeT M0 TaKO 
My »%«e MexaHu3amy. IIpu sToM o6a H30Mepa NponHeHXJOopruszpuHa (auf) pea 
TuUpylOoT NWpaKTHYeCKH OJHHAKOBO. 

B mpakTuke mpopeyeHua peakuun Bropya o6pa3yroulasca OKWCb 93THAeHe 
BCerfa conpopoxyaetca HeOObIUOH MpHMecbio. alleTanbyeruga (“). Onnuny 
H3 Me€pBbIX 9TO MOAMeTH KpacycknH (*), KOTOPbIH TakxKe MOKa3aJ1, YTO COpaso} 
BaHHe alleTalbferufa yBeIMYNBaeTCA IPH YMeHbIUIeHHH ULeOUHOCTH cpenbly 
Kpacyckuii B OObxACHeHHe TaKOTO OOpasOBaHHA alleTabyeruya upemnomarae’} 
IPHCOeAHHEHHE SCMECHTOB XJIOPHOBATUCTOL KMCJIOTbI K MpOMeXKYTOUHO BOSH) 
Kaloulel OKUCH STHJIeHAa, C oOpasoBaHHeM e10 STHJIOBOTO schupa XJIOPHOBAaTH 
CTOH KUCJIOTHI. . 

B HacTosiee BpeMA culehyer ONYCTHTb, YTO B cpefax, He COmep2xKaLIH:} 
H36bITKa THAPOKCHJIOB, MOJIeKyJIa STHJICHXJIOPrHAPpHHAa MOXKeT UPHHUMATb BTO} 
Py!lO AKTHBHYIO «XJIOPOHHeBy» CopMy C OTIMeMIeHHeM HOHa rHApOKcuua: 


i 


if 


HOj—,CH2 — CH,Cl = H.C — CH, + HO- 
SZ 
Cit 


Takoe JOnymeHne C HeH36exKHOCTHIO BLITeKae€T H3 IPHHHMaeMOrO MHOrHMH Hc! 
CleqOBaTeIAMH MCXaHH3Ma OOpasoBaHHA STHWJICHXOPIuApHHa pH xJopupoBal 
HHH STHJIeHa B BOJHOH cpeze (1°): 


Clysnoranels 
HoC = CH, + Cl+—> HeC — CHe 
NG 
Cit 


D HO — CH. — CHeCl 


BELT SS Cl — CH, — CHCl 
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[na u30MepoB NPONHNENXJOPruA pha CyWMecTBY!OT aHaOPHYHble AKTHBUIe (pop- 
bl, HO C PpasHOli CTeNeHEIO ycTOHUMBOCTH. Tak, a-u30mMep, nouTu Ha 90% o6pa- 
yiclluvicaA Mp TunOXJOpHpOBaHHA NponusieHa B BOLHOL cpefe, ecrecTBeHHO, 
{aJlO CKJIOHEH JaBaTb XJIOPOHHEBO COocTOsHHe, HaCGopoT, COpasyrollniica npHu 
‘MNOXJOPHPOBaHHU Nponusena Bcero Jo 10% B-ns0mep OTHOCHTebHO slerKO 
1€peXOJHT B XJIOPOHHEEO aKTHBHCe cocTosHHe (12). 


a Cl — CH, — CH — CHs—//— xaoponusa npaxruyeckn 
He oOpasyer 
OH 


6 HO—CH,—CH —CHs= HO- + H,C—CH —CHsy 
| eA 
2 REI Cl+ 


[locneqHee NoBexeHve USCMePHEIX NPONHNeEHXMOPrHAPHHOB OOycOBAMBAaeTCA 
UX CTPOCHHEM: Y G-H30Mepa XOp HaxofNTCA B B-noOKeHHH K METHAbHOL rpyn- 
me, BCIECTBHE YEFO ETO IEKTPCOTPUMATEIbHOCTb YBEJMUMBAeCTCA HW OH He MOXKET 
epeXOJUTb B XJIOPOHHeBO cociosHHe. Hanpotus, B-v30mMep uMeeT 3aMeCTUTELIb, 
NerHarEHyI0 rpynny, B @-MOJIOKeHHU K XOpy, HM STO cnocoOcTBYyeT ero nepexoxy 
i XJIOPOHHH, OMHOBP€MCHHO YBeJIMUHBAA CKJIOHHOCTb THAPOKCHMAa OTIEMHTECA 

HOHHOM COCTOAHHH. 

Eme KpacyckyM ObvIO NOJMe4eHO, YTO H30MePH3allHA G-OKHCeL B aIberHgbl 
TPOXOLHT TOJbKO B caOoKHCIbIX cpefax (*). STO xe HaOIOZeHHe NOTBep- 
1MOCb HM MosfHee (7°). OTcioa NOHATHO, 4TO COpas0BaHhe auIbAerunOB npu 
TULENJICHHU 91eMeHTOB HC] or aiKHeHXJOPrHAPHHOB MOXET MPOTeKaTb TOMbKO 
TaKHX Cpefax, KOTOPble HE HMEIOT U3ObITKa FHAPOKCHIbHbIX HOHOB. Oco6eHHo 
OAXOMALeH CpeLOH ABJIAeTCA BOJHAA B3BeCb THfpaTa 3akucM HuKemA (1). 
_louemy 2Ke HMeHHO 9Ta Cpejya ocoCo OslaronpHATHAa Jia OOpasoBaHHA adberu- 
HOB? Tum~paT 3akucu Hukeasa Ni(CH), Maso pacTBopHM B Bose H He cooémaer 
DACTBOPY CCHOBHOH (IeOUHOH) peakWHH (He OKpallHBaeT KypKyMoByto 6y- 
axky). MoxHo mpelnooxuTb, YTO B38avMOfelicTBHe STUeHXJOpruspuHa 
3 BOMHOH cpejle CO B3BecbioO rufpata 3aKHCH HHKedA npH KuneHHH (100°) mpo- 
<OMHT vepes cyulefyiclive cTaqHu: 


Ni(OH)2 = Ni=_O 4+{H.07(Ni;= O> Nit — 0’) 


OH 
ner“ 
(Nis 07 +4 HO- HC — CH Ni 
4 yA a NS 
C+ O- CH= CH; 
| 
Cl 
:(OH OH 
. Vie 
ni I> J(Ni +0O=CH—CHs 
aS 
) — CH'— CHa cl 
| 
Cl 


OMOOHbIC AKOFONATHbIE (OpMbI COeMMHEHHH HuKesA ONNCHIBaeT Penne B pe- 
KILHM KaTa3a NOJMMepHhsaluN Oe MHOB B NPHCYTCTBMM XOpHcTOrO HUKeA 
okucH 3THuieHa (1°). 

CyMecTEREHHDIM JIA HHKENA ABJISETCA €TO- COMEMAA CKJOHHOCTh K OOpa- 
OBaHvIO CCHOBHOIO xXJOpHfla, a NPOMEXYTOUKCe COeMHHEHHE C aJIKHJICHXJIOp- 
WApHHOM cnocc€cTByeT nepecTpOHKe MOWIeKyJIbI NOCesHerO C OTILeNMJIeHHeM 
ouekysbl aeTanbgernga. o-Hscmep nponuJienxsoprugpuna, He CKJIOHHbI OT- 
€NATb THAPOKCHJI HU COpascBbIBaTb ee EocCme He pearupyeT C BOAHOH | 
ISBeECbIO THIpata 3akucu HNKeNA (7). B menounbix cpeyqax STO He Mellae } 
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4 


p 


a-H30Mepy OOpasOBbIBaTb C XOPOLIHM BEIXOJOM OKHCb IIpOMmuseHa, MIpOXoAA yepes 
MIPOMeXKYTOYHYIO OKCOHMeBy cbopMy. OueBHHO, YTO B Cpefse «MarHe3HaibHOrO 
MOJIOKa», Te BbIXOL G-OKHCelt HW alblerHyoB NpHMepHo ofuHaKoB (™), HMeIOT 
MeCTO MapaJuIeIbHO O6e WeMOUKH B3aMMOJeHCTBUH. 


Tlocrymuso 
30 III 1959 


UWHMTHPOBAHHASA JIATEPATYPA 
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Jlokxaanp Akagemun nayr CCCP 
1959. Tom 127, Ne 2 


XHMHA 


JI. A. KA3HIbBIHA, B. B. JIOKUIMH u Hux. A. HECMEAHOB 


MH®PAKPACHDIE CIEKTPbI ®EPPOLLEHOB. - 
K BOIIPOCY O BSAMMHOM BJIASHUM 3AMECTHTEJIEM 
B MOJIEKYJIE ®EPPOLWEHA 


(IIpedcmaeaeno axademuxom A. H. Hecmeanocoim 21 II 1959) 


HefaBuo OblJI0 MOKa3aHO, YTO B3AHMHOe BIMAHHE 3aMecTuTedeli addbeKTHB- 
O MepefaeTca “epe3 BCIO CucTeMy (eppolleHa H3 WHKa B WHK (1°). Stor BpI- 
BO Obl CelaH Ha OCHOBaHHM CpaBHeHWA KOHCTaHT ucconuManuu cbepporen- 
KapOOHOBbIX KUcOT THNa Y-CsH4 — Fe — CsHa — COOH. IIpu 9Tom no cpoe- 
My JlelicTBMIO 3aMeCTHTEIM PpacnOJlaraHucb B culeqyouluh pag: 


CH < CoHs <°H'< COOCH; < COCH; < CN < SO,NHy< SOsF, (1) 


. 
7 
j 


re cipaBa OT BOJOpoya HaXOAATCA 3aMECTHTeH, MOBBbIMAIOWHe KOHCTAHTY 
MMCCOWMaluu KapOoKkcnua, a CleBa — NOHMKAIOUIME ee. 

B u.-K. CneKTpaxX B3aMMHOe BJIMAHMe 3aMecTHTeIeH B CucTemMe deppoleHa 
OXKET MPOABHTLCA B H3MCHCHHH YACTOT 3aMECTHTEA B OJHOM KOJIbIe NO] BAMA- 
HEM Pa3JIMUHbIX 3aMeCTHTeeH BO BTOPOM KOJIbIe MOJeKyJIbI. BesleqcTBHe TO- 
O 4TO YaCTOTHI KAPOOKCHJIbHOM FpyMNbI B BLICOKOM CTeNeCHH XapaKkTepHCTHUHH, 
bI HMeJIM BOSMOXKHOCTH MPOBeCTH DJIA YKa3aHHOFO BbIWe PAJa CNeKTPOCKONH- 
ecKHe HCCJIeOBaHHA B U.-K. OONaCTH, PaCMpocTpaHuB ucceqoBaHHe U Ha 3—pH- 
bl PeppoOleHKapOOHOBbIX KUCJIOT, HMEIOWWUX B APyFOM WHKJIONeCHTaHeHHJIbBHOM 
OJIbIle PasJIHUHbIe 3aMeCcTHTEJIN. 

CnekTpbl yKa3aHHbIx CoequHeHHi B OOacTH npusMbl NaCl, nosyyenHple AA 

MaCTb! BeWeCTBa B Ba3eJIMHOBOM MaCJie, NPHBeeHbI B Tabs. |. 

OmHako JaHHble 10 C=O yactotTaM B TBeEpJOM COCTOAHHH MaJiO NpHrOsHbl LA 
onoctaBeHua. B TBepOM COCTOAHHHM YaCTOTHI CMELICHbI 3a CU€T MEXKMOVMEKY- 
APHOFO JUNO — AMNOJbHOTO B3aHMOJeENCTBUA MOJIeKYJ B KPHCTasNNYeECKOH 
euleTKe, 4TO HaHOomee CHIbHO CKa3bIBaeTCA Ha YaCTOTaX TaKHX MOJIAPHBbIX 
pynn, kak KapOoHuibHad. CusibHOe MeXKMOJIEKYJAPHOe BSAMMOJeHCTBHe MO- 
€T 3HAUHTEIbHO HCKa3HTb KapTHHY, OOYCJIOBJICHHYIO BHYTPHMOJeKYJIAPHBbIM 
3auMojelicTBueM. Kpome cMelleHHA YaCTOT MeXKMOeKYIAPHOe B3AaHMOJeHCT- 
ve MpHBOAUT MHOrMa K HX PacieneHHIO. Tak, B coemMHeHuAX | uw YO HadsnW- 

JeHO MO TP MOOCHI NOTMOWeHHA, XOTA B NePpBOM COeIHHEHHH MMEETCH TOKO 
oua rpynma C=O, asostopom — Ase. Ilogo6Hoe paciiensenue HabolaeTca A 
i coetuHenui 6, 7 u 14 Ta6n. 1; 9TO 3HAUHTeILHO 3aTPyAHAeT OTHECeHHe 
uacTorT. 

Jina Toro 4TOObI H36aABHTbCA OT JONONHUTeEIbHBIX S¢@eKTOB, BbISbIBACMBIX 
MEXKMOJIEKYIAPHBIM B3AHMOJeHCTBHEM, MBI CHAJIM H.-K. CNEKTPbI HCCeLYeMbIx 
coeluHeHul B pacTrBope. HecmoTpa Ha TO, 4TO HaKOouee NOLXOLAWIUM PacTBO- 
PHTeNeM-ABHJICA Obl B HAaIWeM CuIyuae YeETHIPEXXJOPHCTHI yruepoy (BCeACTBHeE 
CBOeli HEMOJAPHOCTH HM MasIOrO B3aHMOselicTBUA C PaCTBOPeCHHBIM BeLIeCTBOM), 
MbI BbIHYXJCHbI OI MPHMeHUTb XJOpocopM, TaK KaK B MepBOM COVJIbINHHCTBO 
H3yUaeMbIX COCIMHEHHL MIOxO pacTBopHuMo. B Tau. 2 MPHBeeEHbI YaCTOTH! KOUe- 
OaHHi rpynnb!l C=O Aa coeqHHeHHH B TBEPJOM COCTOAHHH H pacTBopax. 
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U3 raOn. 2 BUAHO, UTO “aACTOTa KapOOHMAbHOM Ppynlbl H3MeHAeTCA MpH me- 
exofle OT TBepfloro cocTOsHUA K pacTBopy. PacillenmeHHe yuacToT, HabuIOae- 
0€ B TBEPOM COCTOAHHMN JIA PaCTBOPOB, CHHMAeTCH, XOTA B CoeqMHeHHH 8 OL- 
a M3 KapOOKCHJIbHbIX MOJIOC BCe-TaKH Pa3MbITa, UTO BEPOATHO OOACHAETCA B3a- 
MOJeHCTBHeEM C pacTBOPHTeeM. 


Ta6Oaunua 2 


Yo-0o™™ B pacTBOpHTesAXx ie aincneenas 
Noe BeujecTBo I | 
| CCl, CHCl, 3e€NHHOBOM Macyie 
1 SO3CHs®COOCH3 i238" (Pas) 1662—1687, 1717 
en SOs DCOOGE. (2 sa 2 1730 : Wes = 748 
3 SO2,CIBCOOCHs 1731 1718 1724 
4 | CH3s0C@COOCHs ANAS Pa 1676, 1716 1663, 1718 
D C3H;,OC®COOCH3 11679, 1748 LGTOn eine 1663, 1716 
6 | CHs00C®COOCHs 1730 A 1651, 1707 
7 | ®COOCHs 1730 1712 pas. 1654, 1704 
8 | HOOC®COOCHs — 1678, 14696—1708 paso. 1686, 1722 
9 H,Ca®COOCH3 1704—1712 1696—1704 1696—1712 
10 | SO,F@®COOH a 1704 1688 
14 NH,SO,®COOH — 1704 1656 
42 | CN®COOH — 1692 1663 
13 | CHs;CO®COOH — 1663 neyo, 1682 1640, 1718 
14 HOOC®COOH — — 1660, 1686—1700 
a3M. 
15 C,H;®COOH 1682 1672 663 
16 | CygHg®COOH 1682 1672 1666 
“AR ®COOH 1682 1649 
CHs00C®C2H; 1718 1707 1718 


IIpumeuaune. B cayyae KeToKHCIoT u KeTOaHpoB Gosee HH3KOe 3HayeHHe 4ac- 
TOTLI OTHOCHJIOCb K K€TOHHOMY KapOoHHJy, a Gouee BLICOKOe — K KMCIOTHOMY HM. 9cpup- 
Homy. B cmyyae MoHospupa U supoamuya sbeppoleHANKapOOHOBON y KHCOTHIR,Gomee , BBICO- 
Koe 3HaYeHHe YaACTOTHI ObIO NPHNMCaHO SPUupHOK rpynne (2). 


CpaBHeHue uactot C=O-rpynnbl ucculeqyeMblxX COCMHEHHH B pacTBope XJIO- 
ocbopMa MoKa3biBaeT, YTO 4YaCTOTa KapOOHHJIbHOH FpyNNbl NOL BIMAHHeM 3a- 
eCTUTeelH B APyTOM KOJIbIle H3Me€HAeCTCA B 3HAYHTCJIbHOM CTeCNeCHH: Tak, MWA 
dupoB ceppolleHKapOoHOBOH KUCJIOTHI B TOM Cuyuae, KOra BTOPpOH 3amecTHu- 
ellb SO3sCHs vco= 1723 cm, a aaa CaH, = 1696 — 1704 cm4; ana KucnoT 
pu SO2F vco= 1704 cm! u 1672 cm? ana CoHs wu CaHy. U3 rad. 2 Taxxe 
BCTBYeT, UTO YBeIMYCHHe IICKTPOPUJIbHOCTH 3aMCCTHTEJA MOBbIMIAeT YaCTOTY 
7=O-cBA3H KapOoKcula (MH KapOoMeTOKCHJIa), PacnOJIOAKeHHOrO B ApyroM Wukwse 
ONeKYJIbI (PeppoWeHa UH, B COOTBETCTBHH C STHM, 34MECTHTEIH MOXKHO pacioso- 
UTb B IIPHBeJeCHHble HWKe PAB: 

O BIMAHMIO Ha KapOOKCH: 


CyHy = CoH; < COOCHs < COCHs < CN < SO:NH2 = SO,F, (2) 
O BUHAHHIO Ha KapOOMeTOKCHJI: 
sHy < CoH; < COOH < COOCH,; < COC;H, = COCHs < SO,Cl < SO.F = SOsCHs. (3) 


OTH pARbl HAXOMATCA B XOPOIWeM CorlacHu [pyr c ApyroM u c PANOM 3aMe- 
CTUTeJIeH, BbIBeMCHHOM Ha OCHOBaHHHM CpaBHeHHA KOHCTAaHT AMCcolMaluu cep- 
polenkapOoHOBLIX KucnoT. McKm04ueHHeM ABACTCA MOJOXKeHHE MOOCbI MO- 
PIOMLeEHHA He3aMeLLeHHbIX eels MW a:pupos, KoTOpad HaxogutTca mpH 1712 cm} 
Aun acpupa uv mp 1682 cm’ Ia KUCHOTH, T. €. BOMOPoOA pacnovaraetcsA B pany 
Mexkyy rpynmamu CHsCO u CHsOOC; B To BpeMa Kak B Psy 3amecTuTeJeH, 
BbIBeeHHOM Ha OCHOBaHHH KOHCTaHT JMCCOIMalMM KUCJOT, BOOpoy pacnovia- 
raerca M@exKAY alkumtamu u COOCHs-rpynno. OObacneHuA 3TOMY MbI M0Ka He 
Halli. 
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HecmoTps Ha 9TO pacxox*KeHHe, U.-K. CMeKTPb! NOATBEP2XKaloT BbIBOJ O TOM, 
UTO BJIMAHHE 3aMeCTHTesel NepesaeTCA H3 OMHOTO WHKJa MOJIeKYyJIbI (eppoleHa 
B [pyro ee WK, MpWueM BJIMAHHe 3aMeCTHTesel Ha KapOOHHJIbHyIO YaCTOTY 
KapOoKcHula (COOTBETCTBEHHO KapOOMETOKCHJIa) HOCHT B OCHOBHOM TOT 2Ke Xapak- 
Tep, TO H Ha AUCCOMMaluIO KaPOOKCHJIbHOM Ppynnbl, T. €. NOBbILMIeHHe XapaK- 
TeplcTHYecKOH yacTOTb! C=O-cBxa3H CHMOaTHO YBeJIMYCHHIO KOHCTAHTbI AHCCO- 
ILMallHH, COOTBETCTBYIOWeH KHCJIOTEI. 


Mockosckult rocyqapCcTBeHHbI YHHBepCHTeT Iloerynuio 
um. M. B. Jlomonocosa PV ADU ISIS) 


LWMTHUPOBAHHAA JIMTEPATYPA 
1 Hux. A. Hecmesuos, O. A. Peytos, JAH, 115, Ne 3, 518 (1957 


Hux. A. Heemenuos, O. A. Peytos, JAH, 120, Ne6, 1267 (1953) 
8 Hux. A. Hecmexruos, O. A. Peytos, Mss. AH CCCP, OXH, 1959, Ne 5. 


336 


Toxaane Akagemun nayr CCCP 
1959. Tom 127, N 2 


XHMH 
Axkayemux WM. JI. KHYHSAHL, 9. ©. BHIXOBCKAS u B. H. ©POCHH 
B3AHMOJIEMCTBUE o-OJIE®PHHOB C FHAPOKCHJIAMHUHOM 


CpeH MHOrOuHCJIeEHHBIX peakIHi NpHcoequHeHHA K MepdTroposedunam Hy- 
MleOPHJIbHbIX PeareHTOB MIpHcoeqMHeEHHe THAPOKCHaMHHAa OCTaBaJIOCb HeM3y- 
HHBIM. Kak u cCuleqOBaJIO OKULAaTb, THAPOKCHMAaMHH JIePKO MpHCOeMMHAeTCA K 
MponuieHy HW o-u300yTHJIeHy; 9KZOTEPMHYeCKaA PeaKUHA JIerKO HacTynNaeT pH 
ponycKaHul D-nponusena (41M G-u300yTHeHa) B CNHPTOBOM (uM SpupHbIit) 
ACTBOP THApOKcHaMHHa yxKe MpH HU3KO TeMNnepatype (mpu O° B cayyuae 
mpomusieHa H mpH —50° B cayuae g-H306yTHIeHa). [leppoHauambHO oOpa- 
IOWLMeCA MpPOAYKTHI NPHCOeCMMHeEHHA THAPOKCHJaMuHa K -oJecbHHaM HecTOH- 
H MW CaMOMPOH3BOJIbHO B Mpolecce peakWHH OTIWeMIAIOT GTOPHCTHI BOO- 
DA, UpeBpalilaicb BO @ToOpaHrHAPHALI THAPOKCaMOBbIX KHCJIOT COOTBETCTBY- 
mux 2-MoHOrHAponepdropKapOoHOBbIM KucIOTaM. Bopijensrouynylica dropu- 
rbiId BOROPON CBA3bIBaeTCA THAPOKCHJaMMHOM 


F 


eas8 (2) Hy 
CF3CF = CF, + NH,OH > [CFsCFHCF,.NHOH] —-> CFsCFHC = NOH 
HF + NH,OH — NH.OH-HF. 


OG6pa3yroulveca dTopaHruApHAbl 2-ruyponepdropnponuoruszpokcamMoBon uw 
irHmponepTropu3s06yTuporHApoKcaMOBOH KUCJIOT Obl BbILeeHbl B BUC KOM- 
N€KCOB CO CNMPTOM UU 2pupOM (B 3aBHCHMOCTH OT MIpHMeHABIeroca pac- 
BOPUTEJIA) 

IlomyueHHble coevHeHuA — OecUBeTHbIe NpospauHble %KUAKOCTH C pe3KHM 
hM1aXOM; HepacTBOpUMbI B BOLE H XOPOWIO pacTBOpAIOTCH B OObIUHbIX OpraHH- 
PCKUX pacTBopuTeiax. IIpw KunaueHHu Cc BOAHbIM pacTBOpoM OuKapOoHaTa 
ATPHA OHH aloT NOJOXKUTeMbUYIO PeaKUHIO C XJIOPHbIM 2%Kese3OM Ha THI- 
DKCaMOBYIO KHCJIOTY. CTpoeHve STHX COeQHHCHHH oKa3biBaslocb cJeLy- 
MMH TipeppallleHHaMu. 


F F 
v4 fe 
CF,CFHC -CH,0H (1) | (CFs)2CFHC -CH,OH (II) 
\ oN 
NOH NOH1, 
F F 
YA vA 
CF,;CFHC (CoH5)20 (II) | (CFs)2CFHC -(CaHs)20. (IV) 
\ ~ 
NOH/» NOH 4, 


1. Komnsexc ropauruspufa 2-ruaponepropmponMornyzpoKcamosoli Ku- 
IOTbI C CEPHbIM 3(UPOM NosBeprasica rugpomMsy BOAOK, commHOH (d = 1,19) 
cepHoli kucnoTol (d = 1,84). B neppom cayuae Obiia BbIqemeHa C 25% BbIXO- 
DM paHee He onMCcaHHad 2-ruyqponepdTopuponMoruApoKcaMoBasA KuCIOTa — 
CIBeTHBI€ KPHCTaJWIbl C TemmepaTypoli nuaBnenua 98—99". 


Fevers OH 


H.O 


a vA 
CF,;CFHC *(C2H5)20 —+ CFsCFHC 
\ ~ 


NOH/ » NOH 
ra xe KNCOTa Oblla MowysyeHa U3 MeTHMOBorO ac:upa 2-ruzponep*ropupo- 
{OHOBOM KMCJIOTHI H rHApokcvwaMuHa. CmemanHand poOa MvlaBJeHuA Tu]po- 
AMOBBIX KHCJIOT, TOJIYYeHHbIX STHMH CHocoOaMHu, WenpeccHH He [OKa3biBaeT. 
Tuypomms KoHUeHTpupoBaHHoh HCl npuBoguT Kk oOpa30BaHHlo 2-rvjpo- 
pbropuponuonopol KuC OTH! (HAeCHTHPNUNpOBaHa 10 amu) 
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Is) OH 


/ Hy Ve HCI 
| CF;CFHC {CoH O 2 CR Care Cl CF,;CFHCOOH-+-NH,OH- Hol 
\ N 
NOH/ 2 NOH 
IIpu yelicrsuu Konu. H,SO, unger cBoeoOpasHan peakunaA sTepHpuKaluu 
, F c oOpasoBaHHem  acpupo) 
vA H,SO, 2-ru{po-9-IIpONHOHOBOH KC 
CFsCF aa ‘(CsH5)20 —> CFsCFHCOOG:Hs jor. Pusuyeckue KOHCTAH 
NOH/> Tbl M€THJIOBOrO HW 3THVJIOBOF\ 
: 3upoB UM oulyueHHoro H 
F HUX aM a CoBMaalorT C OM 
HSO, CaHHbIMu paHee (1). 


+ CFsCFHCOOCH3 


ve 
Set ee pGHsOH 2. B pesymbTaTe peak 
NOH WMH Mexky sPupHbIM KOM 
WieKcoM 2-rugqponepdTo 
MIPONMHOrHAPOKCaMOBO KHCJIOTLI MH CMMPTOBbIM PaCTBOPOM MeTHJaTa HaTpHA Ob 
JIM BbILeeHbl MeTHJIOBLIN a9c:up 2-ruqponepdTopnponHoOHOBOK KHCJIOTHI M PTOpH 
CTbIM HaTPHH, UTO NOATBepxXaeT HalM4Ne B COeEAMHEHHH FasONaHruyApHAHOr 
(ropa. OpupHyii Hu cnupToBOH KoMMIeKcbl PTopawruypusa 2-ruqponepdrop 
H300YTHPOrHApoKcaMOBOH KHCJOTHI MpH ruyqpomuse koHW. HCl ator c xopourl 


NOE 
(rt. ma. 119,5—120). TlonyyeHHpie KoMneKChI pa3iM4ualIoTCA NO MpouHe 
cTu. Tak, eCJIH peakIHOHHy!O CMeCb Mocue NponycKaHua o-MponusieHa yepe 
CHMPTOBOH pacTBOp rHApOKcHaMHHa cpa3y MOMBeprHyTb pa3rOHKe, TO BBIJE 
JiseTCA KOMIWIeKC (Topanruypuga 2-ruqponepdTopnponvoHOBOH KUCJOTH C 
cnupToM. Ecum 2%e peakIHOHHy!0 CMeCb Hepes, pasroHKOH pa30aBUTb CepHbl 
3(PHpOM, TO OCHOBHbIM IIPOAYKTOM peaKILMH ABHTCA KOMIMIeKc (pTOpaHruypHy 
c aPHpoM; TaKHM OOpas0M MpOHCXOsMT BbITeCHeHHe cmMpTa stpupoM. 
TlomyueHHble rHApOKcaMOBbIe KUHCJIOTHI JerKO MeperOHAIOTCH B BaKYyyME 
IPH HarpeBaHHA C THOHHMXJOPHAOM OHH OTIILEMIAIOT JBe MOJICKYJIbI XJOPUCTC 
ro BOfOposa, OOpa3syxA WuKIMYeCKHe CoeqHHeHUA: 


BbIXOJOM 2-ruqponepprop 4306yTuporuyApoKcamosyio KkucuoTy (CFs)2 CHC K 


OH N—O 
VA Vi 
CF3CFHC -- SOC], = CFsCFHC + 2HCl. 
\ 
NOH O—S=0 


Tlocuequee pu JeHcTBHM LWeOUn OTULeMIAeT CepHUCTHI ra3, JaBad Cob rH} 
POKCaMOBOM KUCJIOTHI 


N= @ NOH 
Va Wa 
CHsCEHE + NaOH - CFsCFHC + SOs. 
\ 
O—S=O0O ONa 


QKcUnepuMeHTaNIbHaA ase iab 


1. Bsaumojelicrsue ruqpokcusiaMuua’ c o-mponuseHom. a) B 4-ropsyio Kou 
Oy, CHaOKeHHYIO MellaIKOli, TePMOMeTPOM, TasOnOABOLAMeH H ras0oTBOLAULE 
TpyOkam™, momerjasu 33 r (1 Momb) CBexKeNpHroTOBAeHHOrO pacTBopa PHAPOKcHs 
aMHHa B 250 MJI MeTaHOoJa H IPH NepeMeMIMBaHHA HM OXaKTeHHH JbLOM Mpom 
cKaIM @-mponuen. Brmnapmui cbropruypaT rugpokcuiamuna oTdHALTpOBE 
Bal MW PHWIbTpPaT pasroHsAJIM Np YMeHbINeHHOM JaBseHun. CnupToBol KOMMeF 
(ropanruspuyza a-MonoruponephropnponuornspoKkcamosol KucsoTsI (1)— 6e 
IBeTHAA MKHKOCTb C HEMPHMATHBIM pe3KHM 3anaxom. T. kum. 37,5—38,5°/50 m 
Brixoq 48% (Ha ©-npomuuen). d® 1,3820;- n?1,3294;1 MRouann 209m 
MRD. 25,10; 
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BbId 


Hattgeno %: C 23,97; N 7,14; F 
CFsCF HCF=NOH-CH;OH. Buruncaeno %: C 24,63; N 7,19; F 


COeJIMHCHHH HaleHo 2 NOABHXKHBIX aTOMa BOsOposa. 

6) B cycnensuto 14 r cpo6oquoro ruppokcuamuna B 100 ma cyxoro aupa 
pH MepeMelwMBaHHH MU OXJaKeHHM JIbAOM OapOoTHpoBalca o-npomMueH. 
SbINABIUMH PTOPruspaT PUAPOKCHMaMuHa OTPHLTPOBbIBAJICA M OCTATOK pa3sro- 
ANCA IPH YMeHbIIeHHOM laBieHuu. TlonyueHnHbili scpupHblli KOMMIeKc (TopaH- 
MApuya G-MOHOrHAponephropnponuorus~pokcaMoBok KucsoTH (II) — pesko 
axHyllaa OeclBeTHad »*uAKOCTb. T. Kun. 34—35°/50 mm. Burxon 67%. 


 1,3415; n® 1,3335; MRp 30,64; MRp.. 31,56. 
Hatigeno %: C 29,90; N 7,25; F. 46,90 


nanny BHIU 


3 alias 


| 
[CFsCF HC=NOH]» (C2H5)20. Brrancmeno %: C 30,00; N 7,04; F 47,50 


COEAMHEHHH HalijleH OMMH MOLBYXKHBIN aTOM BOsOpoma. 

2. 5 r dropanrugpuya (II) u 30 Ma Boel HarpeBaiu mpH nepememuBaHuu 
ja KMNAWeM BOAAHOM OaHe. Ilocse ynapHBaHua peakItHOHHOM Maccbl B BaKyyMe 
OIy4eHbI Oeble vewyHyaTble Kpuctamb. T. ma. 98—99° (uz xmopodopma). 
| PHCTaJJIbI XOPOWO PaCTBOPHMBI B BOJe HU CMUpTe, Cca6o B supe u XMOpoopmMe. 
OMHbIN PacTBOP JaeT C XJIOPHbIM %KeNe30M XapaKTepHoe JIA THAPOKCAMOBbIX 
COT KpacHoe OKpPalllHBaHue. 


OH 
| 
Hatimeno %: N 8,69; F 46,72. CFaeCFHC=NOH. Buruucaeno %: N 8,63; F 47,20 


3. 8 r dropanrugzpuya (II) yarpepanu c 15 ma kony. HCl B Treyenne aByXx 
acon mpu 100°. Ilomyuenupili pacrsop sctparuposasica supom, sup MpoMpl- 
hJICA PaCTBOPOM ONKapOOHaTa HATPUA, BOOM VW CYUIMICA XJIOPHCTHIM KaJIbILHeM. 
icTaTOK mocyle OTTOHKH oc*pupa Meperonssca mpu 135—1387°, d? 1,4590; n% 


3275. MoexyJapHbii Bec onpeseasicd THTPOBAaHHeM WeloubIO, HaliqeHo 
D3,0; BblIuMcueHO 164. 


Hatizeno %: F 46,50. CFsCFHCOOH-H.O. Baraucneno %: F 46,34 


lo yueHHbIM U3 STON KHCAOTHI AMMA He JaBall JlempeccHu B CMellaHHOH mpode 
aBJICHHA C OOPa3lloM aMUfla a-MOHOrHAponepdTropnponvoHOBOH KHCJIOTHI, 
DHTOTOBJICHHOTO ApPyrHM MyTeM. 

4, B KpyruiofoHHyio KoulOy, CHaOxKeHHYIO OOPaTHbIM XOJIOJMIbHHKOM H Ka- 
PIbHOH BOPOHKOH,NoMenlasocb 28 r KoHU. H,SO, u | r uctomueHHoro cTekla; 
B KalleIbHOM BOPOHKH OCTOPOXxKHO mpHOaBanocb 21 r dropaxrugpusga (II). 
e€Cb HarpeBaslaCb B TeyeHHe 20 MHH. Ha KunsAmelH BoAAHOM OaHe. IIpu nepe- 
DHKe coOpana (bpakuuA, KuMaAulad B UHTepBase 105—120°/745 mm. locate mpo- 
pIBaHHA BOOM WM MOBTOPHOH MeperoHKH nowyyeno 12 r OeclBeTHOH npospay- 
bi 2*XUAKOCTM C IPHATHbIM 3amaxoM, He cosepxamel a3zota. T. kun. 106— 
)7°. de 1,2850; n°3 11,3268. KoncranTbl noulyseHHOro COeAMHEHHA XOPOIO COB- 


plaioT C JIMTePpaTYPHBIMH JaHHbIMH JIA ITUMOBOTO S:/pupa G-MOHOrHAporeppTop- 
DONHOHOBOM KUCOTHI; Np elicrBuv aMMMaka OOpasyeTca aMH CT. Wl. O7— 
°, KOTOPbIM He JaeT Mempeccuu co cMellHasbHO MPHFOTOBJIeHHbIM OOpasIloM. 
5. B KpyrsioqoHHy!o KouIGy, CHaOxKeHHYIO OOPaTHBbIM XOJIOJMJIbHUKOM, I0- 
pitana 14,5 r propanrugpuaga (1) u 20 r Kony. H,SO,. Cmecb B Tevenue 20 MHH. 
ArpeBaslacb Ha KHMAeH BOAAHOM Cane. IIpu neperonKe coOpaHo 10,5 r 6ec- 
BeTHOH 2KUAKOCTH c T. Ku. 99—100°. Tlocae npomplBaHua BOAOM u NOBTOPHOH 
PperoHku T. Kum. 93—95°. a 1,3950; n¥ 1,3212. Koucranrpl momyyenHoro 


UecTBa OJIM3KM K KOHCTaHTaM MeTHJOBOPO 3—pupa a-MOHOrHAponepTopnponHo- 
bBo KUcsOTHI. JlelicTBHeM aMMHakKa NOJyYeH aMHJ, T. MI. KOTOporO He AaeT 
Mpeccuu B CMellaHHOH mpobe MiaBIeHHA CO cneWHaJIbHO MPHrOTOBJICHHbIM 
/pasuoM aMuJa a-MOHOrHAponepPTopNponHOHOBOH KHCJIOTHI. 
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ah 
a 


6. BasaumojelictBue rupOKCHaMUHa C ~-H300yTHJICHOM. a) CrmpToBolt KOM 
mulekc (bropaHruspufla a-MOHOrHAponepdropHs0OyTHPOrHApOKCaMOBOW KUCJIOTE 
(III) moxyyanm ananormyno (1). @ropanrugpug (III) — GecuiBeTHas 
MpO3pauHasd %KUKOCTb C HeMPHATHBIM 3amaxoM. T. KHIM. 44—44,5°/80 MM 


105,5—106,5°/750 mm. d?? 1,5560; n21,3190; MRyaiis - 29,10, MRana 30,09 


Haiizeno %: C 22,88; H 1,26; N 6,42; F 58,50 
Ie 


| 
[(CFs)> CHC=NOH]_-CH;OH. Buunecneno %: C 23,55; H 1,14; N 6,41; F 58,10 


6) Odupupli Komnuekc dTopaHruypuya a-MOHOrHAponepdTopu306yTHpa 
rHpoKcaMoBoli KucroTE (IV) nomyyaica aHanornuHo dropanrugpuyzy (Il 
@ropanruypug (IV) — 6ecuBeTHaA pesko MaxHyllad *uKOcTD, T. kun. 113— 
114°/745 mm. Buixon 58%. a 1,4170, n¥8 1,3261; MRuaiig 35,60, MRsu 36,12 


Hatineno %: F 53,35. 


— 


F 
| 
[(CFs)2CHC—NOH]:°(C2H5)20. Brrancueno %: F 53,20. 


7. Ilpu Harpepanun dropanrugzpuga (111) c Kkonu. HCl (onpir nposogusc. 
aHasloruyuHo onpiry Ne 3) nomyyeHa o-MOHOrHAponepdTopHs06yTUporHppoKce 
MoBast KucNOTa. BecuBeTHble KPHCTaJIJIbl, XOPOLIO paCTBOPHMbIe B BOE, C XJOP 
HbIM 2KeJIE3OM JlalOT MOMOKUTeIbHYIO peakUHIO Ha FHAPOKCAMOBY!O KHCJOTY 
T. mI. Moce BO3TOHKH B Bakyyme 119,5—120°. ) 

Haiizeno %: N 6,83; F 53,31 
OH 


(CF3),CHC=NOH. Bptuncneno %: N 6,63; F 54,01. 


8. B kom6y,’cHaOxKeHHY10 OOPaTHBIM XOJIOAHJIbHUKOM HM KalleJIbHOM BOPOHKOF 
moMeulasocb 20 MsI cyxoro cepHoro acupa, 10 r @ropanrugpuya (11) u HecKOUE 
KO KalleJlb (eHoudtTasienHa. M3 KanesbHOH BOPOHKH JOOaBJIAJICA PacTBOP ME 
THaTa HaTpHA B MeTaHOe JO NOABJIGEHHA PO3OBOH OKpacKH. PeakiMoHHa 
CMeCb pa3roHssiacb B BakyyMe. Iloce oTroHKU stupa u cnupTa NeperoHasoc 
BeLLeCTBO, M10 CBOMM KOHCTaHTaM OTBeUaIOMee MeETHJIOBOMY 3*PHpy a-MOHOTH] 
ponepdropmpornmoHoBont kucsorbl. T. kun. 94A—95°/740 mm; da? 1,3340; n31,3207 


IlonyueHHbi sup nepeBeyleH B aMUu, CMellaHHad npobOa MiaBeHHA KOTC 
poro He JlaeT JelpeccuH CO CMelMaJIbHO MPHrOTOBJIeHHBIM OOpasiloM aMuy 
Q-MOHOrHAponepPTopnponHoOHOBOH KUCJIOTHI, 

9. B Kou6y c OOpaTHBIM XOOAMJIBHHKOM NOMellasiocb 4 r a-MOHOrHAponey 
(TOpNponvorHsApoKcaMoBoK KuCJIOTHI HM 12 Ma cyxoro 6eH30ua. IIpu narpeBe 
HHH Ha KuNAWeH OaHe MpHKaMblBalocb 3,2 r xmopuctToro THOHHMAa. Habmropze 
JOCb BbifeseHue xJopucToro Bofopona. Ilocue oTTOHKH OeH30Na NeperoHasac 
OeclBeTHaA Pe3KO NaXHylllaA *KUAKOCTb Cc T. KH. 56—56,5°/57 mM, a 1,665( 
ne 1,3737. . 


Hauneno Oj: Cali i2, tO, 3020N 6.05 soi aration 
CsHF,OsNS. Brruncneno %: C 17,36; H 0,48; N 6,76; F 36,65; S 15,45 


10. PeakuuaA npoBofMach Tak x%Ke, KaK M B Upesbiyuem onsite. V3 4 


a-MOHOrHAponeppTropus06yTuporuypokcaMOBOH KHCJOTHI NosyueHo 2,3 Tr 6ei 
IWBeTHOH 2KHKOCTH Cc T. KH. 55°/40 mM, a2) L610) in?) Gost: 


Hatimeno %: C 44,45; N 6,02; S 12,40 
CysHF,O3NS. Bpruncneno %: C 44,380; N 5,45; S 12,45. 


Iloctymuso: 
| 12 V 1959 
UWMTHPOBAHHAA JIATEPATYPA 


‘HY. JI. Kuyusaun, JI.C.Prepman, B.J1.0a7x uu, Usp. AH CCCP, cep. xnw 
Ne 11,1356 (1956). 
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HMornayp Akayemunu nayr CCCP 
1959. Tom 127, Ns 2 


XHMH A 


M. ¥O. JIYKHHA, C. B. 30TOBA uw akanemux B. A. KASAHCKHH 


KATAJIMTHUECKHE TIPEBPAWIEHUS AJIKUJIQMK JIONPOMAHOB 
B TIPHCYTCTBUN FJIATHHbI HW MAJIJIAIHA, HAHECEHHbIX 
HA BE330JibHbIM AKTMBUPOBAHHbIA YYOJib 


HeyaByHo MbI NOKa3a/IH, YTO THAPHpOBaHHe aKUMMMKIONpoNaHoOB B MpH- 
YICTBHH IlaTHHHPOBaHHOrO YIVIA MpOXOAUT MHaye, YEM B MPHCYTCTBHM Nawwa- 
{upoBaHHoro (+) 


CH; 
ee a Be CH é CH.— CH 100% 
Re pote als Ble RAT Ge ‘xs 0 
ise, gS. 4G? ish it . : ; 
CH — CH, CHs 
CHs 
| 
CHa C CH, CH sae 80%, 
Aeerny,'* 
cH,-cé* Pale 
(ACESS es. CH, —CH — CH —CHs 
Te pat | | 
CH —CHs CH, CH, 
S A 20% 
CHs — CH — CH, — CH, — CHs 
| 
CHs 


nmepBom cstyyae uv mpH 120° u npu 220° umeer MecTo TouIbKO rusporeHOHs 
pexuIeHHOTO IHKJ1a, BO BTOPOM — KpoOMe 9STOH peak UeT H30MepH3allua 
IKHIMLAKIONpomana B Oe:HHbI C MOCMeAYIOULMM MpHcoeHHeHHeM K HHM BO- 
opoga. C moppillieHvem TemMnepatypbi No 220° komMueCTBO MpOyKTOB NOGouHOK 
eakIHM B KaTaiu3aTe Bo3pactaeT yo 40%. 

Ota Mo6o0uHad peaKkIHA MOXKET HATH WIM 3a CUeT NanaluA, CCIM OH ClocobeH, 

TIPOTHBOMOJOKHOCTh MIaTHHe, BbIZSKIBATb H38OMePH3allHiO TPeX4IeHHOTO 

UKla, WIM 3a CueT HOCHTeIA — YA, KOTOPbIM, KaK MBI NOKa3auu (7), He HHEp- 
eH B 3TOH peakiuH. EcaM cnpaBeluBO mMocueqHee MpesmouowenHne, OcTaeTcA 
CACHbIM, MOUeMY STO CBOHCTBO II NPOABIAeTCA B Cy4ae MasaqHeBoro Ka- 
ralusaTopa H He MpOABJAeTCA B Cly4ae MaTHHOBOTO, H He ABJIACTCA JH 9TO 
IEJICTBH€M MeHbIleli aKTHBHOCTH NalwaquaA B peakWHH TrusAporenouusa, Kak 
MbI TIpeANOMOKUIH pauee ('). 

Takum o6pa3om, 3aflaua CBOAuJIaCb K TOMY, YTOOLI HCCJIeMOBaTb H CpaBHUTb 
CBOHCTBa CaMHX MeTaJIJIOB — laTHHbI HW Mawaqua — B yCJIOBHAX M30MepH- 
3allMH WM THAPOTeHOMH3a aIKWJILMKONPONAaHOB, HCKJIOUMB BJIMAHWe HOCHTEIA. 
[Ipome Bcero 6bI10 Obl HCNOMb3OBaTb WIA STHX Wee MeTAaJIJIbI B Bue YepHeH, 
HaKO OKa3aJlOCb, 4TO MOBeEPXHOCTb TaKHX KaTaJIM3aTOPOB HaCTOJIbKO Maula, 
ITO HYXKHbI WIM OYCHb OOMbUIHe KOJMYCCTBA MeTaJIa, HH 3HadHTeJbHO Covlee 
KeCTKHe YCJIOBHA MpOBeeHHA peakuHi. 

Tak, MwlaTHHOBad H MaJwaqveBad YePHH BOBCE HE BbISbIBAJIM peaKIMH rHI- 
DOreHONH3a aIKHMuKIONponaHos mpu 120°. Takum o6pa3oM, culeqoBao m0- 
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oOpaTb HOCUTeb, OOIafalollw ocTaTOUHOM MOBeEpXHOCTbIO, HO HHePTHBIH B 
HOWICHHH H30MepHsallHH TpeXWIeHHOTO IWHKJa. 

CuuINKareib, auIIOMOCHJINKaT, KH3eJIbryp HM MeM3a JWI STOM WeH He MOR 
XOJMJIM, TAK KaK BCe 3TH BeleCTBa, MOAOOHO aKTHBUPOBaHHOMy yrvii0, CnocoOH 
H30MEPH30BaTb TPeXWIeCHHEIH WK (*). 

VineprHbiM BellecTBOM B HHTepBasie TeMMepaTyp 0 220° oKa3asicaA Oe330JIb 
HbIli AKTHBMPOBaHHbIt yrob, MpHTOTOBJIeHHDIH HaMH OOYTJIMBaHHeM caxapa 
Ero nosepxuoctb (240 m?/r) MeHbIUe MOBEPXHOCTH AKTHBUPOBaHHOrTO yrsiA, yHO 
TpeGABWIerocsA HaMH BO BCeX Mpekbiyulux padotax (480—540 m’*/r), HO, Ka 
MOKa3aJIH OMbITE, JOCTATOUHA JIA CpaBHeHHA CBOHCTB HaHeCeHHbIX Ha Her 
MetaioB. IIpu mponycKaHuu yepes Tako yromb mpuH 220° ankusluKsonpe 
MaHbl He WpeTepneBasid HUKaKHX H3MeHeHHH. 

Ha ocuope Takoro yrua roTopusuch 20% niaTHHOBBIM MU MaswaqMeBbli ka 
TasIM3aTOpbl. ONbITHI B OTCYTCTBHe BOLOpOAa (H3OMeEpH3alHA) MPOBOLMJMCh Mp! 
Temnepatype 220°, mpuHaTol B HawMx padotax (*,”,°) B KayecTBe ONTHMAJIb 
HOH. Bpwio HalieHO, YTO CBOHCTBA aJIKHJMMKJIONPOMaHOB HE Me€HAJIMCbh NOCI 
KOHTaKTa C OOOMMM KaTau3aTOpaMH H KaTaJH3aTbl He COJepxKasH Hempesedib 
HbIX. TaKHM O6pa30M OKa3aJlOCb, YTO HH WwaTHHa, HH MawWaluv B STUX yCIO 
BHAX HZOMepu3allH TpeX4YIeHHOTO WHKJIa He BbISbIBAIOT. 

OnbiTbI B MpHcyTCTBHH BoOposa npoBoyuucs c 1,1,2-TpuMeTHILHKIONpO 
MaHOM pH Temmepatype 120°, npH KoTOpol ru~pHpoBaHHe Ha UCccwIeyeMBI 
KaTasIH3aTOpaxX IIPpOXOAHO He MOJHOCThIO, YTO MO3BOJANIO CPaBHHTb HX AKTHB 
HocTb. Bpwio HalieHO, YTO H3OMepH3allHA He HMeJla MeCTa; B CJlyy¥ae WlaTHHO 
BOrO KaTasH3aTOpa Fuj{poreHosH3 MpoxomHs Ha 65%, a B CyUae MaJNaqMeBo: 
ro— Ha 50%; 9TO yKa3bIBaeT Ha MCHbLIYIO AKTHBHOCTh Nalwaqua Kak KaTaJv 
3aTOpa THporeHowIH3a TpeXwWIeHHOTO WHKJAa. 

Bo3ppalllaicb K KaTaJIH3aTOpaM, YNOMAHYTHIM B HauaJle CTaTbH, MbI MOXKeN 
CUHTaATb JOKa3aHHbIM, YTO H3OMepH3allHio B Clyyae MaslwalqupoBaHHOroO yTuJis 
BBI3bIBACT HE MeTAaJJI, A HOCHTeJIb, PasJIH4He %Ke JeHCTBUA JIBYX KaTasH3aTOpOE 
B YCJIOBHAX THAPHPOBaHHA 3aBHCHT OT OTHOCHTeJIbHOH AKTHBHOCTH MaTHHb 
HM MaWwaqua, Kak KaTaJIMu3aTOpoB rHfporeHouH3a. B cayyae Gomee aKTHBHOTC 
MeTaJlJIa CKOPOCTb peaKIMH THAPOreHoONH3a HACTOMbKO MpeBbILlaeT CKOPOCT! 
H30MepH3allHH, BbISbIBAeMOH HOCHTeJICEM, UTO BJIMAHHe HOCHTeJIA He CKa3bIBaeT: 
ca BoBce. B cayuae MeHee AKTHBHOFO MeTAaJIJIa CKOPOCTH OO6€HX PeaKIMii KOHKY- 
PHpyioT, H Hapsy c THAporeHouH30M ufeT NOGOUHAN peakILHA, BbISbIBAeMAas: 


HOCHTeJIeM. I 
) 


QIKCMeCPUMeEHTAIbHAA BE UTE SU 1s; 


KataausatTopb. I[lnatanopad wu maminaquesad uepHb roTOBUsUCE 
mo MeToquke Sesnuckoro (*). 
Be3300bHHH yrowb Caxap Tpwxb mepeKpucranH30BbIBaJICR 
W3 CHHUpTa, CYIMIMJICA MH HeEOOMbIIMMM NOpUMAMH OOyrauBalca B cbapdhopoBow 


Taomuima 4 


Yruaepoxopor 20 cea) nes a van nouKa, 
OTUILAK JonponaHn 35,9 1, 3786 |0,6841 dbf) 
1,1,2-TpumeruamiuKso- 
mpomau 52,6 1 ,,3862 |0,6948 48,3 
2-Meruanentau (°) 60,27 |1,3744 |0,65315} 74,6 
2,2-],umerus6 yrau (°) 49,7 1, 3687 |0,64916} . 81,2 
2,3-],/umetu6 yan (5) 57,9  |1,37495]0,66164| 71,9 i 


THrvie B MydebHo neywn npu 800—900°. AxtuBupoBanue yras npoBogusmocs 
B TOKe yriekucoro rasa npH 600° Bo Bpaltaiomelica KBapueBoH Tpy6Ke, o60- 
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— PT 


eBaeMOl KpyrloH MydebHOH neublo. SombHocTb yraa 0,05%, noBepxHocTb 

IpefqeseHa HosomMetpuyeckn) 240 m?/r. 

IlmaTHHUpPpOBaHHHH WH Taina ahupoBaHHHh yrounpb 
%) MIpHrOTaBJIMBaJIMCb HAHECeHHEM MeTaJIJIOB Ha Oe330bHbIM yroulb MO Me- 
gquKke SesuucKoro (*); B 10 Ma KaTanusaTopa cofepxanocb oKono 0,6 r Pt 
wu Pd. 

KaTanmuTHuecKHe ONBTH MpoBo_umuch B YCNOBMAX, OMNCcaH- 
Ix paHee (',”,*). OObemHasa CKOpocTbh MponycKaHUA yruieBOAOpOMOB BO BCeXx 
yuaax Obia 0 ,2 47! CaolcrTBa a/lKHJIWUKJONPpONakOB, HCNOb3OBaHHbIX B pa- 
Te, a Tak2Ke cBolictBa MapaHHoB, KOTOpbie MOryT OOpa3s0BaTLcA MpH THApH- 
Banu 1,1,2-rpuMeTHsIMMKONponana, mpuBeseHb B Ta. 1. Onpirhl m0 u3y- 
HHIO MOBEJCHHA aJIKHJIWHKJONpONaHOB Ha pa3JIMUHbIX KaTasIM3aTOpaXx B OT- 
/TCTBHE BOAOpOsa (B TOKe asora) NpH TemMepatype 220° npuBeyeHnbi B Tab. 2. 


RAW OMIT realm) 


CgoiictBa KaTanu3ata 
YraeBoxopog KatanusaTop coflepxa- 20 20 
Hue Helpe- D di, 
AebHbIX 
| 
1,1,2-Tpumeruauuxsaonpo- 
aH Pt - uepHb* HeT 1,3862 | 0,6948 
To xe Pd - yepHp HeT 1,3862 | 0,6950 
STUALAKIONponay Bes30ibHBIM yromb| ciaeyqpt 41,3789 0, 6840 
1,1,2-Tpumetummuksonpo- 
aH » » HeT 1,3864 | 0,6950 
To xe Pt/ 6e3307bHbIM HeT 41,3864 | 0,6954 
yrOJlb 
eas Pd/ 6e3300b Hb CIE TbI 1,3862 | 0,6948 
yroub 


* UepHu B KOMMuecTBe 2,7 T HaHOCHJIMCb Ha CTCKJAHHYIO BaTY, B3ATYIO B 
TaKOM KOJIHYeCTBE, YTO KaTaNH3aTOp 3aHHMadI OObeM, NpHMepHo paBHEH 10 Mu. 
OctTasIbHBIe KaTaIM3aTOpbl OpatHucb B KOMMUecTBe 10 Ma (OKOJO 3 Pr). 


JlaHHble, IpuBeseHHble B TAO. 2, MOKA3bIBaIOT, YTO BCe HCCJIEAOBAaHHbIe Ka- 
ANM3ZATOPbI MpaKTHyYeCKH He BbISbIBAIOT H3OMePH3allHH aJIKWJIMMKJONPONaHoB. 
| Onpirpl 10 W3yyeHHIO MOBe,eHHA as 

VIKWJIMMKJIONpONaHOB Ha Pa3JIMUHbIX 
jaTaiW3aTopax B MPHCyTCTBHU BO- a 
Ppoda MpoBoyuNiHch MpH Temmepa- -} 56 
ype 120°. Ilpu stom KoOHCTAaHTEI 


,1,2-TpuMeTHmunkKIOonponaHa, mpo- O 

YileHHOrO Ha saTHHOBOH u te 

alalveBoli UePHbIO, COBepLIeHHO 

2 H3MCHAJIHCb. 8 , 
B onmpitax c MaJuaqMpoBaHHbiM 0 25 50 75 100 bee. % 


gee HHP OBAHHBIM Oe330/1 bHBIM Puc. 1. a — katTanmu3aT 1,1,2-TpumeTunuuKn0- 
eM ObWIM MONYYeHbI KaTAIH3ATb, pponana wa nwaTHHUPOBAaHHOM yrvie,- 6 — 
OTOPble Pa3srOHAJIMCb Ha KOJIOHKe, xatanu3atT 1,1,2-rTpuMeTuauuKionponaua,” no- 
bdbeKTHBHOCTbIO B 40 1. T.; B Ka- JIYYCHHEIM Ha MaJIaqHpOBaHHOM yrvie_ 
PCTBE BbITCECHHTeIA YynoOTpeOAICA 

rentan (n7) 1,3876; d? 0,6835) B komuuectBe 10 Ma. Janie 110 pasroHKe Ka- 


[a ees 


anusata 1,1,2- -TpHMeTHNMKTOnponaHa, NOJYYeHHOFO B OMbITe C MaTHHUpo- 
AHHBIM YIVJIeM, IPHBeeHbI B TAO. 3, B ONbITe C NadlaqupoBaHHbIM yrviemM — 
TaOm. 3 Hu Ha puc. |. 

CpaBHeHue JaHHbIX, MPHBeJeCHHbIX B TAO. 3, CO CBOLCTBaMH yrseBOso- 
DOB, MPUBeeHHbIMH B TaOu. 1, NOKasbIBaeT, 4YTO B OOOMX CyYaHX KaTa- 
H3aTbI IIpesCTaBJIAIOT COOOH CMeCb HeBOlWeMMero B peakuuto 1,1,2-TpumMerus- 
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—) 
af 
of 


UNKNonpomana 4 2,2-7uMeTusOyTaHa. Ha orcyTcTBHe B KaTaJlM3aTe 2,3-,uMeTHI: 
OyTaHa MW 2-MeTHJIMCHTaHa YKa3bIBaeT MOHHXKeHHe AHHJIMHOBbIX TOYeK MO MepE 
MOBbILMIEHHA TeMMepaTypbl KUNeHuA Cbpakunu. BrruncmeHue cocTtaBa OuHapHbD 


(ea Oui i amo 


DE USE Gh yy AG; 20 qo 
4 


SEES (760 mm) uD 


Baav TOUKAa, 


AHVJIMHO- 
OG 


Kowuuect- 


BO, Tc 


CuaaTHHupOBaHHBIM yraem 


1 1,7 | 49,4--49,7 | 1,3692 | 0,6515 

2 5.9 | 49/7—51.2 | 1,3722 | 0.6585 

3 118 | 512-525 | 41,3819 | 0,6886| 56,5 

4 157 | 52,5-86,3 | 1,3830 | 0, 6850 | 
0,7 


C nanmnmagupoBaHHHM yraeM 


1 rall 48,5—49,4 | 1,3700 | 0,6625 74,0 

2 LG 49,4—50,4 | 1,3740 | 0,6617 71,0 

3 2,4 50,4—51,6 | 1,3821 | 0,6843 90,7 

4 259 o1,6—55,4 | 1,3828 | 0,6844 50,0 
0,3 


cMeceli Ha OCHOBaHHH afMTMBHOCTH TOKa3aTeseH MpesIOMJICHHA, YeJIbHbUy 
OObeMOB HW aHHWJIMHOBBIX TOUCK MOKa3bIBaeT, YTO B CyYae MIaTHHUpOBaHHOr’ 
yruid rHfporenolu3 mpowted Ha 65%, a B cLydae MaaqMpoBaHHoro — Ha 50%; 


MucruryT opranuueckolt xumuv uM. H. J. SemnucKoro Ilocrynuso 
Axkajemuu HayK CCCP 27 IV 1959 


LLUTHPOBAHHAS JIMTEPATYPA 


TiMeelOs wil y.KMuna, 9GCe; Bay Ss0) T0082) Wb) pes. OK ans an (Cy Kore mene All eae 
793 (1957). 2M. 10. Jlykuna, C. B. 8o0ToBpa, Bb. A. KasauncKwun, fate 
114, 792 (1957). ® M. 10. Jlyxuna, C. B. 30ToBa, B. A. Kasaucknny eee 
123, 105 (1958). *H. TI. 3enuuecKkuu, Co6panne tpynos, III, M., 1955, crp. 2744 
°F. D. Rossini et al., Selected Values of Physical and Thermodynamic Properties aff 
Hydrocarbons and Related Compounds. Pittsburgh, 1953 H 
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Jlornxayo Akanemun nwayr CCCP 
1959. Tom 127, Nb 2 


XHMHA 


Axayemuk A. H. HECMESHOB, WI. A. KAPANETSH, E. HW. BACHJIDEBA 
H 4leH-Koppecnonyent AH CCCP P. X. ®PEHJJIMHA 


PA3EJIEHHE HW CBOMCTBA BbICLIMX 
%, oy a, «-TETPAXJIOPAJIKAHOB 


Ilpu TesoMepu3allunH STHJIeHa C YeTbIPeEXXJOPHCTLIM YrseposoM oOpasylor- 
CMeCH TeJIOMePOB, H3 KOTOPbIX B HHAMBUAYaJIbHOM BUJe BbIJeeHbI HM ONMCAHbI 
, OG, @, W-TeTpaxsOpaKaHbl, cofepxaiHe Jo 15 aromos yraepona (+, ?, 3). 
Hamu M3yyeHbl yCIOBHA BaKYYMHOM peKTHPHKAaMH BHICLUMX TeTPpaxsopau- 
l4HOB Ha KOJIOHKE C eJIOUHOM HacayKou mpH JaBleHuu 0,2—O,5 MM u BpIeeHbi 
UMCTOM BUJe TeJIOMepHI, COfepxalMe JO 23 aTOMOB yrviepoda B MOvleKyse. 
[laa pekrudukalun Mbl NPHMeHHJIM KOJOHKY C HaKOJIKOH THMa «3Be3za» (*), 
CKOJIbKO H3Me€HCHHOM KOHCTpykWHH. Kononka, BbIcCoTOH 30 cM MH BHYTPpeHHHM 
ameTpom 14—16 mM, paOoTasia B MWICEHOUHOM pexKHMe C NOHO MpoHsBOLH- 
JIbHOCTbIO (6e3 OTOOpa) 100—200 ma/uac. unu 60—100 kanenb/mMuH. Pasze- 
1Ollad CHOCOOHOCTb KOJIOHKH, ONpeseeHHad Ha CMeCH TOJYOU — renTaH mpu 
rMocepHOM JlaBJIeHHH, paBHa 4—5T.T. Pexrudukalluio BeJIM C HeMpepbIBHBIM 
rOopoM mpu dermMoBbix uncax 6—8 JIA TeTpaxNopTpuseKaHa u Ooslee BBIC- 
HX TeJIOMeEpoB. 

[yypaBluueckoe CONPOTHBJIeHHe KOJIOHKH He3HaUHTeJIbHO, 4YTO NO3BOAeT 
2CTH pasroHKy pH TemmepaType KHAKOCTH B KONOe Ha 25——35° BpIe Temme- 
ATYPbI NapOB MpH pasrOHKe MHOFOKOMMOHeHTHBIX cMeceH H Ha 10—15° npn 


OBTOPHOH pa3roHKe y3KHX paki. 


Tao6Oauua 1 


| 


KouCTaHTbI BbICWWHX TeTpaxsopamKaHoB Cl] (CH2),,CCls 


= 

& Tem. kun,* é fe MR Hatigeno, % Bplyucseno, % 
Eg 2 °C mpu 29 om) ned st a ee 
PS 2] 0,30 mm 4 ie D 

Ba pis er. Ro Haug. BbIY. 9) H Gi 6; H Cl 
Tene aN 


Cis 1380  |4,1166) 14,61 }1,4801} 81,94) 81,69 
Ch5 449 41,0935] 19,65 }1, 4795) 90,94! 90,93 


G, | 166 {41,0773 21,89 /1,4795] 99,63]100, 17 eee a 53,98] 8,53 
AA a 4 56.2418, 73104, 09] ep | & . 
Cie | «184 (11,0546) 29,30 11 ,4795/109, 30/109, 441 ey 869138 201 95,14] 8,93 | 34,90 


Cy | 194 |1,0361] 35,54 |1,4790/118, 89/418, 65] 25°09 7.419222) 58.06] 9,28 | 32,65 


‘ A Atal 4. a0 |. ie 97 59, 84 |9, 18}30, 61 « 
Cog 207 10192} 42,10 |1,4784/128 , 44/127, 88 59.88 19. 30]30.54 OA RS) | SIO Or 


* TIpHpegeHbl CpesHue TemMepatypbl KuNeHHA MpH AaBAenun 0,25—0,35 MM pT. cr. ¢ 
me6annamu + 2—4° B pagHbIX OMbITAaX. 


JIA BbIAeICHUA BbICIUHX TeETPaXJIOPaJIKaHOB MPMMeHAJIM CMECb TeJIOMEPOB, 
IY 4eHHY!O Ha ycTaHoBKe KaslyxKCKOrO KOMOMHATa CHHTETHYCCKUX HM HAaTypaslb- 
IX JLyDIMCTHIX BetlecTB (°) mpH JaBseHun 150 aTM. HM MOJAPHOM COOTHOLICHHH 
wleHa K UeTHIPeXXopucToMy yrulepogy oKomo0 20:1. Takana cmecb cozep- 
aula OKOJIO ; 

30% Cs + C;, 30% Co + Cu, 12% Cig + Cis u 28% Cai 


* @) x, O&, wW-TeTpaxNOpasKaHbl 3eCb H Jamee O6O3HAYeHbI MO YCy aTOMOB yrviepoya B MO- 


Rye Kak C5, C7 UT. A. 
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SaKkas 1810 


sh 


Texnuueckasd CMeCb TEJOMEPOB, NOWYYeHHaA B CTAJIbHIX PpeakTOpax, BCerjd 
ColepxKUT CyefbI XJOPHIOB MeTAJVJIOB, KOTOPbIe YCKOPAIOT AerHApOxNOpHpoBa 
Hue TeTpaxOpasiKaHoB (°), OCOOeHHO IPH TemnepaTypax BbILIE 160°. Hamu Han 


£00 cos 
ve 400 
160 
— 
~ J00. = 
= iS 2 Sy 
ye sy 
S 8 Se] 
3 0 8 S 
S = 
if 200 | 
40 
(Eat ae Stabe Na sd 40 
5 9 19 17 af J 7 i 15 19 23 
Yucro amomob & ———— Yucno amomMoG ———» 
Puce. 1. 3anucumocTb TemnepaTypbl KHMeHHA Puc. 2. Ilnotuocts (/) uv MouApHbIe OOBEME 
TeTpaxmopamKaHop mpH 0,25—0,35 mM (2) TeTpaxjopaiKaHOB B 3aBHCHMOCTH Of 
OT MOsmeKyJAPHOrO Beca MOJIeKyJIAPHOTO Beca 


eHO, UTO KaJIbIMHUpOBaHHad Coa, NoOaBMeHHaA NpH MeperoHKe B KOJMUYECTBI 

mo 5%, mpeBpalllaeT XJIOPHAbI MeTAaIJIOB B MeHee AKTHBHbIe OCHOBHBIe COM, TEM 

CaMbIM P@3KO CHHKaeT CKOPOCTb KaTaJIHTH- ne 

yeCKOrO pa3JIOXKeHHA TeTPaxXJOpasKaHOB. 

OjHako BbIeIeHHNe TeJIOMePOB BbIINe C15 

pH pekTH@vKawHH TeXHHYeCKOM cCMecH Sn 

3aTPYHHUTeJIbHO axe C MoOaBKOH Copp. 
[lostomy, MOI b3YACb pa3MuHOn 

PacTBOPpHMOCTbIO. TeTPaxJIOPasIKaHOB B 


(es 


C12 | 


——— 
S 


OpraHWyecKHX pacTBOpNTeAx (*), MbI H3- x 
BUIeKaIU 3THJIOBbBIM CIIMPTOM MU alleTo- 8 
Sev 
S 
com = 
40 S 
> 
S 7 
RS 60 
JO 
Pa) fo) H 
8 ak O20 0 60 80 «mal 
g K-80 pekmugukama —~ 
2 
} 
ws Puc. 4. Kpuppie pexrudukaltun cmece 
10 TeTpaxOpasIKaHOB pH apnenuu 0,2- 
0,5 mm: J u 2—ucxogubie TexHHy 
CKM€ CMeCH, MNOMyueHHBIe B peakur} 
TeOoMepH3alHH mpH 150 atu.: 1 — 4 mi} 
[Sees SN Se I iL al . 
Ja, 2—10 monet stunena na 1 mos 
7 a | 
o yf I hen / CCla; 3 — wupoxaa opaxuna pci! 
ucno amonol G ——> TCJIOMEPOB, BBIZeICHHaA alleTOHOM 
: peakuHoHHol cmecu (150 arm., 20 moe} 
uc. 3. Ba3KocTb TeTpaxmopamKaHoB sTHeHa Ha 1 Moab CCla) I 


HOM (noce oTroHKH Cs — Cy) mupoKue dbpaKxunn, coflepskalltve TesOMeppI J) 
Cy; u Ces, CooTBeTCTBeHHO. Takue (bpakiuH, OCBOOOKCHHEIe OT HepacTBOp HMB | 
BOCKOOOPa3HBIX TeJIOMepOB H MpPHMeceli, MeperoHAIOTCH C MeHBIIHM pas0xi| 
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-M. OTH Wupokue (pakunn Obi ObicTpo NeperHvaHbi H3 KOVIODI IPH AaBNeHHH 
—0,3 MM pT. cT., CoOpaHbl Goulee yskue (bpakunn, coxepxKamine 3—4 Komno- 
HTa, KOTOPble HW NOsBepraduch peKkTu@uKalun. 

JH NONyYeHHA MHLMBUAYaIbHBIX TeEJOMePOB, ONMCAaHHBIX B Tau. 1, Bemle- 
a, BbIZeICHHbIe MPH MepBHYHOH peKTHPUKALNH, PasrOHAIMCb BTOPHYHO Ha 
[ KE KOJIOHKe. 

SaKOHOMepHOCTH H3MeHEHMA TeMNepaTyPbI KUNeHUS JIA BCerO psxfa TeTpa- 
bpaKaHos oT Cs 20 C23 BuAHbI Ha puc. 1. Touka zua Cs nomyuena skcTpanoss- 


é © 4 
eH MpxAMOMHHeEKHOrO rpaduKa lg P = i(+), NOCTPpOeHHOrO MO TOUKaM WIA 


2— 100 mm (T — aOcomoTHad tTemnepatypa Kunenus). 

|Ha puc. 2 us06paxena rpaduyecku 3aBHCMMOCTb MIOTHOCTeH u MOJIAPHBbIX 
€MOB OT MOJIEKYJIAPHOFO BeCa TeTPaxsOPamKaHOB. : 
|MouapHble OObeMbI CMecel TeTPaxJOpaKaHOB aJUTVBHBI B WMPOKOM HH- 
Basle, YTO HEOMHOKPaTHO MPOBepeHO HaMM Ha HCKYCCTBCHHBIX CMe€CHX H Ha 
PCAX TETPaXJOPaJIKAHOB, MOJYYCHHHIX IPH peakiluu TeOMepHsalluH. 
|BaskocTb TeTpaxJopaKaHoB paHee Oblvla OnpeseneHa TOIbKO JA HMBIMX 
lomepos (‘). Hamu ompejeseHa BA8KOCTB BCero pHa TeTpaxsOpa/iKaHOB 
tKO3HMeTpoM OctBaJibja — [lnuKesu- 

inpu 20°. PesyapraTbi qaHbl B Tabu, | Ta6Oauua 2 
Hae puc. 3 *. 

Jia onpeyenenua dpusnyeckux KOH- 


HT NIPHUMeCHAJIMCb y3kHe (ppakunn , Tuyponus H,SO, Tuazponmus HNO, 
paxJOopaskaHoB, coOpaHuHbe B 1—2 


Bpicline ®-xXJOpKapOOHOBbIe KUCJOTHI 


SB 
aS. 
Tr i £ aoa BbIXOR, |T. 14., BbIXON, TT. 
pasroHKe cMeceli H WwIMpOKHX (pak a Tok Wiepaia at hie ee ee 
(kKpuBbie pa3sroHKH cM. puc. 4) HO &*e 
STOPHO NleperHaHHble Ha TOM Ke KO- 
ke** , ToKa3aTeJIbCTBOM YHCTOTHI HC- a te , pe i . 
; ; 13 0 2 oe 
VIYeMEIX BeLECTB AB/IACTCA TO, UTO on 56 ‘9. 63. | 5456 
H KOHTPOJIbHOH pa3srOoHKe OHH MOJ- Gas ee ps 51 5G 
tTbIO Neperousmucb B 1° MW UX KOH- Car — — 38 | 62 


Tbl HE H3MCHAJINCb. 

M3 sbieieHHbIX HaMH TeTPpaxsJOpasKaHOB C YHCIOM aTOMOB yrvleposla OT 
iio 21 npu ruyzpomuse cepHol M a3O0THOM KHCJIOTaMH B YCJIOBHAX, ONMCAHHbIX 
adotax (°) u (®), MOyYeHbI COOTBETCTBYIOUHe W-XJIOPKapOOHOBbIe KHCJIOTH! 
[OKa3aTeJIAMH, MpHBeJeHHbIMH B TaGuJ. 2. 


\Wucrutyt smementoopraHnueckux coesMHeHHit TlocrynHv10 
AkaylemMuH HayK CCCP 9 V 1959 


UMTHPOBAHHAA JIMTEPATYPA 


ite M. Joyce, W. EviHanfliord, J; Harmon, J. Am. Chem. Soc., 70; 
» (1948); W. Hanford, R. Joyce, Am. mar. 2440800 (1948); Chem. Abstr., 42, 
B (1948). 2A. H. Hecmesuos, Ill. A. Kapanetan, P. X. OpeuAanu- 
| JIAH, 109, No 4, 794 (1956). A. H. Hecmesauos, JI. WU. 3axapkun, Usp. 


CCCP, OXH, 1955, Ne 2, 224. 4B. A. Kasauckulht uw op., KOX, 12, 112 (1942); 
rr. Huxowaes, M. HW. Po3seuraprt, 3a. 1a6., 18, Ne 2, 237 (1952). © Il. A. 
jpaneran, JI. A. Iiuuyrunu, JAH, 114, 549 (1957). A. H. Hecmes- 
Bedl. HW. 3axap Kun, Uses. AH CCCP, OXH, 1953, Ne 3, 988. *T. B, Opa ku- 
Hw, M. A. Becnpo3ssauunilt, A. A. Beop, Xun. nayka u mpom,, 2, Ne I, 13 
8p, X, Opefiguuna, E. WV. Bacuabesa, Mss. AH CCCP, OXH, 1958, 


* Onpenenenna! npopegenti JI. M. Ilynospm, 
* PasroHku BbInomHeHbI IO, I]. Uw xKosp. 
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Jloxxann Akanemuw wayr CCCP 
1959. Tom 127, Ne 2 


XHMH 


Unen-xoppecnonzent AH CCCP I. A. PASYBAEB, I. Fr. METYXOB u B. I. 3ATEEF 


K BOMPOCY O B3AMMOJENMCTBUN ®EHHJI-PAXUKAJIOB 
C BEH30J1I0OM 


B cBoOo,HO-pauKaJIbHbIX P€aKUHAX B XKHAKON chase OueHb OosbM0e 3Hat 
He MMEeT B3aMMOelicTBHe OOPasyIOWMXCA MPM NMCCOMMAILMH MCXOAHOTO ¢ 
eqnuenua (R : R) paqukaos (TeMnepatypa, cBeT UT. Jl.) CO Cpefso-pacTBop 
teem (X : S). Stor BOMpoc, HECMOTPA Ha CBO! BaXKHOCTH, CTa/l H3YYaTLCA TOL 
KO B CaMoe MocJieqHee BpeMA. 

Bo-nepBbIX, HCXOJHOe BeELeCTBO MOXKET WaBaTb C PaCTBOPHTeJIeEM MpOMex 
TOUHBIM KoMmeKc [R: RX: S], Kkoroppi OyeT romomuTHYeCKH pactalaTb 
Ha RX u RS 6e3 BbIAeJIeEHHA PaluKaJIOB B CBOOOJHOM Bue. Bo-BTOpbIx, Belle 
Bo [R : R] Moxer 6bITb CObBaTHPpOBaHO H pH pacmafe ero Ha pasuKaJbl, T 
cleqHHe B3aHMOJelicTByIOT Apyr C APyToM B «KJIeTKe» Oe3 BbIXOa B OObEM pé 
TBOpUTeIA. HakoHell, palWKaJIbl MOryT BbIPBATbCA 3 «KJIETKH» B OObEM, OOF 
3ya C pacTBOpHTeseM MpoMexyTouHBI Kommuekc [R- X : S]. B 9Tom cayy 
paluKaJIbl MOryT BbI3bIBATb WenmHble mpolecchl. 3a cueT nepexoya nepudepY 
HOrO aTOMa pacTBopHTeiA X Ha paquKkal R MoxeT HATH Mepeqaua paluKas 

R-+X:Se>R:X+S-. 

Oco6bim cilyuaem OyjeT cucTema, B KoTOpoH R = S. Takum o6pas3om paj 
KaJl pereHepupyeTca MH Y]VJIMHACTCA KMHETHUeECKHH CPpOK ero 2KH3HH. 

B nactosmeli padore MbI HCCJleqoBasIH B3aHMOselcTBHe cbeHuIpaluKas 
Cc 6€H30JIOM, Ha IIpHMepe pxAfla CoeqMHeHHH, Ppacnayarollu4XxcA FOMONOJAPHO C B 
jeseHveM denHuJi-paqukasa. Ja OOHapyxXeHHA peakWMH nepesaun pauKa 
HeEOOXOJHMO ObIIO HCHONb30BaTb MeTO MeyeHBIX aToMoB. Mb HcnOs1b30Ba 
JWIA ITOH WeIH paquoyrsepoyx C™, KoToppili BBOAMICA KaK B HCXOJHOe coer 
HeHHe, TaK MH OeH3ON, T. €. MBy4aJIM [Be CHCTeMbI: MeYeHOe JHCCOMMUPYIOL 
coefHHeHHe -+ HeaKTHBHbIH OeH30J/1 HW HeMeyeHOe coeqMHeHHe -+ aKTHBH: 


Gex301. MoxHO mpesnomoxuTb crelyoulHe TPH MyTH B3avMOselicTBUA (beHE 
pafukasia c OeH3070m (1): 


CeHs- + CeHe > CeHs — CoHs + H- 

CeHs+ + CeHe > CeHe + CeHs- (| 

C.H;- + Colig—= C.Hs ———. H 
pCa ( 

H% \== 

Peaxuua (I) MalopepostHa 4u3-3a TepMOjMHaMUMYeCKHX coobpaxKeHHii, { 
BepOATHA, HO SKCMe€pHMeHTaJIbHO He NOsTBepxyeHa, (III) mpuuata Oba MI 
rMMH aBTopaMH (*) HM MOMyuNa B MOCeqHee BPeMA 9KCHEPUMeHTaJIbHOe MOTB! 
x eHHe (*). OjHako Hanuune npouecca (III) He uckmouaer peaKtuio ( 
BecbMa BepOaTHO, YTO NepBbIM aKTOM B3aMMOJelicrBuA OyZeT o6pa30Bark 


x-KoMmeKca (1V), KoTopbili MoxerT nmepexoguTb B s-KomnueKc (IIT) aan BHYT 
ero OyfeT HATH Mepeqaua payuKana: 


* * 
aE) oo Ge —> (III) 


(Iv) 
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Hannuve mponecca (IJ) Hamu OpllO MoKasaHO Ha pxAe NPHMepos. B Haye 
3TO ObWIO MOKa3aHO Ha MpWMepe pacnaga Aupenunptytu (PP) B Aevrepuy} 
BaHHOM GeH3oue (') H Mo3qHee NOATBep»xxeHO (°) Ha OeH30me, MeyeHHOM C 
Mpr euje pa3 mpoBepHsid STY peaKIMiO, MPHMMeHHB HarpeBaHve KOMIMOHEHT 
WIM OGyYeHHe peakiItHOHHOH cmecu. Ilo nomyyeHHBIM pesysIbTaTaM KaK C Me’ 
nol JI®P, tak u pacTBopuTeseM — 6eH30JIOM, ACHO BHHO, YTO B OCHOBH} 
jucbennua mocue doropeakunn (ra6n. 1, onbiTp! 1, 2) oOpasyeTca 3a cueT PeHH.) 
HEX rpynn J®P, wo yacTH4HO BxOZAT heHupaquKaNbl Oexsou1a. B cBow oO} 
pellb, YacTb (peHHIbHBIX rpynm J[PP nepexoguT B OeH3O. OTH Nepexosbl Mpo} 
BCerO MOXKHO OObACHUTb HasIM4HeM mporecca (11). BecbMa BecKHM NOATBepxK 
HMeM 3TOFO NOJOKEHUA ABIAeTCH OOpasoBaHHe akTHBHOM JIMP B onpiTax c py 
nanom JIMP B akTHBHOM OeH30s1e 3a CueT B3aHMMOJeHCTBHA 7™-KOMMUIeKca (]} 
¢ MetamuHuecko Hg. Uspectuo, uro TepMopacnay JLMP, Kak uw Apyrux met: 
JlOOpraHH4yecKUX COCAMHCHHH, CHIbHO KaTa/M3upyercA MeJIKOpa3{poOJIeHHb 
Metasiamu (°). MoxHo mpeqno0xKuTb, YTO TaKOH pacnay uJeT Ha NOBEPXHOY 
Metasuia. Hamu Obl mpoBezeH onbit no pacnazy JLPP B Oensone c oOaBKOH § 
(onbit 3) u Cu (onpir 4). B stom calyuae AuceHu Nosyyasica TOMbKO 3a cyueT JI) 
Meuenpie :beHHJI-paqukaJibl JHMepH30BaJIMCb Ha MOBEPXHOCTH MeTaJJIa W He 
pexouu B OObeM. 

JipyruM ucTOuHHKOM (eHMI-paquKaslOB ABMJIaCb NepeKHCb Oensouua (IT) 
Peaxuua IIB c 6eH30/1I0M, KaK H3BeECTHO, MpoTeKaeT Ooulee CJIOXKHO, H B pesy } 
TaTe peakilMu OOpa3yeTca CMeCb MHOFHX MpOAyKTOB. OcHOBHOH MpoxyKT pe 
ILHH Menu MOyuaeTcA 3a CueT *eHHJI-pauKasIoB Mepekucu OeH301a.3 on! 
HbIX J@HHbIX BHHO (ONbIT 5), YTO B HEM BCe Ke MpeBasIMpyloT payuKa! u3 I 
STo Takxe OblWlIO OTMeYeHO paHee Ha MpHMepe eHTepHPOBaHHbIX COeMHEE 
(2). OqHako M 37eCb COBEPLICHHO ACHO MOXKHO BHJeTb B OMbITaX C MeyeHOH 
B ampe IIB, uTo uacTb dbeHus-pagukasos IIB nepexoguT B OObeM B BHZe 6eH 
Jia (onpiT 6), 3a cueT peaxunn (II). Ja 6onee crpororo JoKa3aTebcTBa 3T 
Mpollecca Mbl UCMOMb3OBaIM peaKUMIO HHMUMMPOBaHHOrO pacmaya allerata Pp) 
TH ("). Ora peakWHA B Cpeyle MeyeHOoro OeH3Oa HHHWMUpoBasacb IIB (one| 
7, 8). Xmopuctad PeHMJIPTyTb, BbIZeeHHaA H3 NpOAYKTOB peakuHH oOOpa) 
KOH oOOpa3yrollerocaA alleTata (PeHHJIPTYTH, COJepxasla BeCbMa 3HAUHTeJIb 
KOJIM4eCTBO (PeHHJIbHBIX PayMKaOB U3 OeH30Na. Kpome Toro, B peaKIHH } 
C O€H30JIOM OTMeYeHO OBO elle Cezyroullee OOcTOATeNbCTBO. Kak H3BeCTHO] 
pa6ot Tenuccena u Tepmauca (°), KpoMe 2udeHua mp sTOM peakUHH NO. 
yaloTCA TakxKe HeOOJIbLUIHe KOIMUeCTBa APyrHx, Ooulee (eCHHHPOBaHHbIX coel 
HeHHH OeH30u1a: Tepe MH KBaTepdenu. II[peqnonaranocb, YTO OHH ABJAIO§ 
MpOyKTaMu oCcJefyrollero (eHWIMpOBaHHA Audenusa. OpHaKo Opocae} 
B Tvla3a HEKOTOPOe HECOOTBETCTBHE B H3OTOMHOM cocTaBe AudeHuwIa HU KBai| 
penta. [locmequuli TOUHO COOTBeTCTBOBaJ COCTaBy JBYX OeH3ObHbIX sAzep| 
IIB w WByx 43 OeH30a, TOra Kak B WMeHHJIe HECKOJIbKO MpeBalMpoBasH | 
HMJI-panukasbl. [lostomy MoxKHO OblIO AONyCTHTb, YTO KBaTepcpeHH Nosyyal 
He H3 WuceHusa ero MOcMeAyIOULMM PeHHJIMPOBaHHeM. STO MOKHO GIO mph 
PHTb SKCNePHMeHTAaJIbHO. B peakIWMOHHYy!0 CMeCb BBOJWJICA MeYeHEIM P| 
Hw. [loryuenupit B pesymbTaTe peaKIMH KBaTepdeHH Obl COBeEpMIeHHO He| 
THBHbIM. MexaHu3M oOpasoBaHHA KBaTepdeHusa TpeOyer JaibHeluero ucci 
JOBaHuA. 

Hakouell, H3BecTHOo, uTo pacnay IIB moxer ObiTb TakxKe BbI3BaH elicTB | 
y.-). cpeta. []pospeyeHHble HaMH OMBITHI C MEYCHBIMH COeAMHEHHAMU OKa3él 
uTo mpx otomuse IIB B pacrBope Oensou1a nouyyaeTcx Auenus 3a cuer del 
JoB nepekucu (onbirpt 9, 10). Ipucyrersue HeGombuoro KomnuecTBa cbeHMID! 
rpyll B HEM M3 OeH3Oa, BEPOATHO, MOXHO OObACHHTL NapasMenbHO HAY 
HO 3HaUHTeIbHO Ooee MeJeHHOW TepMuYecKOl peakueli. Takum o6pas| 
TIpH eHcTBHM cBeTa UeT peaks: 


hy 
IIb => lB? > C.sHs = CeHs + 2COrg. 


Hanee MbIl aHaJIOrH¥HbIM MeTOJOM HCCeEMOBaIH peakLHIo TeTpadeHsck 
cpuHua (TBC) c 6ensonom. Kak usBecTHo, ¥eTEIpexBasleHTHbIe NIpoOu3Boy, 
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BUHIa JerkO pacmayaloTcaA MW TepexOAAT B AByXBasleHTHbIe. IIpu Takom paciia- 
e TBC JomKHbI BEIJeIHTCA 1Ba OeH30aTHBIX palNKaJla, T. €. Te Ke pawuKaJbl, 
<ak M mpm pacnage IIB. Ilpu narpepanuu TBC B Gen30ue HaGomaeTca BbINeNe- 
ve MOeH30aTa CBuHIa, COz w OOpa3s0BaHHe AueHusa HM OeH30MHOM KHCJIOTHI. 
AcnouIbsyA MeyeHble coeqMuHeHHA (onbIT 11) MoxkHO ObINO KOHCTaTHPOBaTb, YTO 
JMMCHU NOJIyuaeTcA TOUHO B Npesemax ouiMOKU onbiTa u3 TBC u Oex30ua m0 
OlleMy ypaBHeHHto: 


Pb(OCOCgHs), + CpHe—> Pb(OCOCgHs)a -- CHs — CeHs + CeHsCOOH + COv. 


_ IIpu ucnomp30BaHuu MeveHoro TBC ue oTmeyauca (onpit 12) nepexog cdbexuu- 
payukKaJIOB B OeH30.1. 
TlocmeqHuM OObEKTOM, B Hacrosttteli pa6oTe sBMJICA HUTPosoalleTanus uy 
(HAA). VspecTHo, 4To OH JerkO H30MepH3yeTCA B [Mas0alleTaT, a NocweqHui 
DacaylaeTcA C BbIJeIeHHeM a30Ta HU OOpa3z0BaHveM (beHus-panuKana. Peakuna 
HAA c OeHs00M mpoxog_uT no ypaBHeHMio: 
@eEN(NO)COCHs-»'G,HN-=s NOCOCH, “..' CoH, — Cai, 2 Nd 2 CH.COOH: 

Ucnonb3ya Meyenptt HAA B o6pmHom Gex3oue (onbiT 14) H B MedeHOM OeH- 
Boule (onbiT 13), MOxKHO ObIO MOKa3aTb, YTO H BYTOM Cyuae Anew Nomyuaer- 
2a u3 PeHHJI-panuKkasos HAA u 6ex30ua. Depexoga enusi-paaukasoB B OeH3OV1 
je 6blI0 OOHapyxeHO. He BbISbIBAeT COMHEHHA, YTO NOCeMHAA peaKIMA po- 
er TOMOJIMTHYCCKH, HO OHA MMe€CT CKPBITO-palMKaJIbHbIM MexaHHu3M. Ham Ka- 
per 4TO MeTON Mepesayv PpayukKaJOB U3 peaKILHOHHOLO KyOa B PacTBOP MOXKET 


MPpOKO IIPHMeCHATbCA B HCCeMOBAaHHM MeXaHu3Ma CBOOOAHO-payuKaJI bHbIX 
NeaKWHH B KUAKOH (ase. 


Hay4Ho-vcceqoBaTeIbCKHH HHCTHTYT XHMUH Ilocrynu10 
mpH TopbkoBcKoM rocyapcTBeHHOM yHHBepcHuTere 18 III 59 
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MNPHCOEQMHEHHE CHJIAHOB K HENPEAEJIBHbBIM 
COEXMHEHHSAM B NPHCYTCTBHM MEHTAKAPBOHWJIA DKEJIE3A 


Kak 6blvI0 OnMcaHO HaMu paHee copmectHo c A. H. HecmexHOBBIM, OJle*HHb 
BCTYMaloT B peaKILMIO TepMHYeCKOH TeOMepHsallMH C pasHOOOpasHbIMA CHa: 
Hamu 10 cxeme (2): 

H SiXs + 2 CHy = CHR ©”, SiX3(CHgCHR),H. 

IIpuMeneHHe yka3aHHOH peaKIWH OrpaHHuHBaeTCA TeM, YTO OVIed:HHBI, 
coflepKallve PYHKUMOHAJIbHbIe 38aMeCTHTEIH, PasaraloTcA, a G-OJePHHE! M0: 
JIMMEPH3YIOTCA B XECTKHX YCJOBHAX TeOMepH3allHH; NOSTOMY Hao Opvio Hal: 
TH KaTaIH3aTOp, MO3BOJIAIOULMM CHM3HTb TeMMepaTypy peaklHH. 
- TIpu mposeyeHun mponecca B CTasIbHbIX aBTOKaBax NepeKHCH HW asocoenH, 
HEHHA He HHHILMUPOBAaIH TeIOMePH3allHIO OJIEPUHOB C COCMMHEHHAMM KPeMHHA, 
cofepxkamumu Si — H-cBa3b (7), 4YTO BbISBaHO, OYCBHAHO, MHTHOUpyroulMN 
BJIMAHHeEM CTCHOK aBTOKJaBa (°). 

B KavecTBe BO3MOXKHbIX HHHWMATOPOB (KaTasIH3aTOPOB) HaMH HCccueqoOBaHb 
COC/,HHEHHA, MpescTaBeHHbiIe B Tad. |. 

4 Ta6auna 1 


Mepioa 

nepuoanye- 
CKO 

cucrembi 


CoeauHenna 


TiCly KePtCl, RbyFi€Tg, TiOy, ZrCly, Py érCly, 
(CxH,Op721, ZrOy, (CioHgO,)3ZrCl : (CyosttgO>)) ZENS)» 
| PbtesHG),, Say, Sat€zs),, HySnCl, + 6H,O 


Vv VOel,, NbOCI,; HSbET,, 


vi Cr€1,, CrfEO)s, CrCl/, Met€O),, MoCl?, WtEO), WCI¢ 


Fe(CO);, (CipHyOxsFeCT,; COE, (C5HyO3)3Co ; 
NiCl,+4CsH;N, H PtCl,- 6H,O 


1 3auepKHyTble COeEAMHEHUA OKA3aIHCb HeAKTHBHBIMH, 
® OTH COeMMHEHHA UCMBITHIBAIHCh B peakIWMH MeTHAZUXMOp- 
CHJlaHa C %-reKCeHOM HM aM NOMOKUTeIbHbIT pesybTar. 


V3 nepeycleHHbIx BellecTB TombKO HePtCle-6H2O0 u 4CsHs-NiCle uccse- 

eee B KaveCTBe KaTaJIM3aTOPOB MPHCOeAMHeHHA CHaHOB kK OsledHHaM 
a: 

Kak BuHO u3 TaOn. 1, WMpoKNi Kpyr coequHeHui KaTaJlu3upyeT peakiHH 
MexkKy ouepHHaMH HU CHslaHaMH. OHakO TObKO B npucyteTBun TiCla uw 
HeSnCl6-6H2O peakiua mpuBoguT kK OOpasoBaHHIo CMecH TeNOMeproMONOroB, B. 
OCTAJIbHbIX CJIy4aiX HMeeT MECTO JIHIIb MPHcoeqMHeHHe CHIaHOB K onebunam 
(cm. Ta6a. 2). 
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Ta6Omuna 2! 


CHgSiClzH + nRCH = CHy->CHsSiCl, (RCHCHs) ,H 


Kouu * u . 2 ee OHA 
yecT- (®) 3MeHCHHe a» la olHa mpopea- 2 
Katasu3atop BO KaTaJu- a Waplenus, tee bee A g a 3 rUpOBaB- 5 = n? 
3aTopa Eales aTM. Saa8| muh cu | See 
MO nu PA a ee nau oa 5 
OnbtTbec 3THAeCHOM 
.PtCl,-6H,O 0.4 mats 58 30—1 20—30 66 93 0,5 1 
b (CO), 1 Ma 173 80—-48 420—140 | 201 62 0,5 1 
» (CO), 1 Ma 72 520—400 4130—140 Thih 70 A 1 
cy 0,27r 126 80—40 170—180 | 149 St 1 4 
Cl, OF a 132 170—120 170—180 154 74 ead tl 
Gly 05. 135 240—120 190—200 153 604 4 qr 
»8nCl,:6H,O 2Ma 128 360—220 210—220 185 804 2,0 1—3 
OnbiTH ¢c MponunmenHom 
PtCl,-6H,O0 0,1 mas 65 10—1 20—30 84 92 { 1 
»SnCl,-6H,O 2a 136 490—70 240—220 221 80! 4 1—3. 
(CO), 1 Ma 58 60—40 125—135 qs 70 1 
Cly 0,5 124 240—120 165—170 167 80* 6 {—2. 


/ 
1 PeakNuh NpOBOAMIHCh pH us6bITKe ONepuHa. 
2 TIponyk? peakuuu pasronaicd Ha KosoHKe B 15 7. T. IlomyueHHbiIe coeqMHeHHA M0 
OHCTAaHTaM COBMasaM C paHee OMMCAHHbIMH HAMM UpOAYKTaMH TepMMYeCKOH TemOMepusa- 
mm (1). B Tex cnyuasx, Korjap Ta6muue yKagaHo n=1, BbICWIMX TeMOMepoB He OOpasyeTcs. 
% Pactsop 0,00825 r H2PtCls-6H20 B 0,1 ma i-nponuaosoro cuupta. 
| 4 Yka3an He BEIXOA, 4 KOHBeEPCHA HCXOAHOFO MeTHANXMOpcHana. 


Han6oublini wHTepec 43 HalJeHHbIX KaTaJIM3aTOPOB MpeAcTaBiAeT NeHTa- 
pOorun x%enesa. B ero npucyTCTBHH peakWHH Mex,y oslepuHaMU HM CHJIaHaMH 
poxomaT mpH 100—140°. UerpipexxsopucTpit KpeMHH HM MeTOKCHTpUXxsOp- 
JlaH B mpucytcTBuH Fe (CO)s He mpHcoeqMHAIOTCA K 9THIEHY. 

Hamu u3yueHbl peak STHIeHa C MeTHJIAMXJOPCHIaHOM, TPHITOKCHCHJa- 
M HU TPH93THICHIaHOM, NpOnMIeHa — C MeTHIAUXJIOPCHIaHOM HW BHHMJISTH- 
Boro 2bupa C TPHSTHJICHIAaHOM B MpucytTcTBuM Fe (CO)s. STu peakiMu mpo- 
AAT C BbIXOLOM 60—85% oT TeopeTHuecKoro. 

Kak W3BeCTHO, PeaKILHH TPHSTHJI- H TPHITOKCHCHJIAHOB C 9THJICEHOM Kak B 
MCYTCTBUM PalMKaJbHbIX MHMIMAaTOPOB, Tak M MpH HarpeBaHun Jo. 250—300° 
60 He HLyT, 1H60 MpMBOLAT K MaJIOMy BbIXOLy MpOLyKTa mpucoesuHeHHs (°). 

BecbMa HHTepeCHO IIPOlWwia peakIHA Me@xKAy TPpHITHJICHIAaHOM HM BUHHJISTH- 
BbIM 3:—PHUPOM B NpucyTcTBHH Fe(CO)s. B stom ciyyae B KayecTBe OCHOBHOFO 
OlykTa oOpa3yeTca, MO-BHAMMOoMy, B-9TOKCHBHHHWJITPHSTHICHIaH, CTpoeHue 
TOPOFO NOMTBEPHKTeHO UCCJIeHOBaHHeM H.-K. cnekTpa. KucmOTHbI THApOMHs 
OFO COCPMMHEHHA, OCYULECTBJICHHbIH B OTHOCHTeCJIbHO HKECTKHX YCJIOBHAX, MIpH- 
JIMT K OOPAa30BaHHIO TeKCasTHJIMCHOKCaHa. 

Kapam u coTpyXHHKu HaGuI0OqaiH mo6ouHoe OOpasoBaHve HeMmpeyebHoro 
omykta crpoenua CeHsCH = CHSOsNa, B cuyyae romMouuTHYeCKorO MpH- 
emunHeHua NaHSOs k crupouy (°). 

B wamem cslyyae, 0-BHJMMOMy, WMeeT MeCTO aHaJIOrHyHad peak- 
a, UpwHuemM oOpasoBpaHve §-9TOKCHBHHWJITPHOTHJICHaHa CBA3aHO C JerKO 
yuluM jlerHApupoBaHveM mpoMexyTouHO oOpasyrolleroca payukavia 
2Hs})sSiCH2-CHOC2Hs. 

Ha pafukaJibHbld XapakTep peak, TeKYWMX B MpHCyTCTBHH NeHTakap- 
HMIa 2Kee3a, YKA3bIBae€T TaK2Ke BbIJeeHHe B Ka¥eCTBe NOOOUHBIX MPOLYKTOB 
MMeTPHUHDIX TeKCa9THJI- WH TeKCAITOKCHAMCHJIMISTAHOB MPH peakIHH sTHVIe- 
1 C TPH9TH- H TPHSTOKCHCHIaHOM. 

O6pasoBaHve B 9THX PeaKIMAX CHMMECTPHUHbIX PeKCaaJKMAMCHIMIITAHOB 
YAHO MmpeycTaBuTb WHaye, Kak MO TOMOJHTHYeCKOH CxeMe, PeKOMOMHaLHeH 
Wukaslop XsSiCHeCHy, u SiX3. > 
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Tlpyroli Bo3MOx%KHOCTLIO O6pa30BaHuA CHMMeTPHYHOFO FeKkcasTH AUCH) 
3TaHa MOrsa Obl ABMTBCA PeaKWMA STMIeHa Cc TeKca9THLHCHIAHOM (’,*) (Mory) 
IlMM OOpa3oBaTbca peKoMOuHalHel AByX Si(C2Hs)g-paqukayoB) MO OMHOH | 
culeyIOUlHX CXeM: | 


1) Si (C2Hs)3° — Si (C2Hs5)3° aes Si (CsHs)3 = Si (C2Hs)s3 
2Si (CgHs)9" + CHa = CHe— (CaHs)sSiCHsCHoSi (C2Hs)s 
WJM 


neperpynnuposKa (8) 


(GAsh 
2) Sis (C2Hs)6 ~+ (C2H5)sSiC2HaSi(C2Hs)2H = 


—.+ (CgH5)3SiCH2CHe2Si(CeHs)s. 


OyHako HaMH 10Ka3aHO, YTO B YCJOBHAX OMMCbIBAeMBIX PeakIlMi TeKCadTHA 
JuCHIaH He pearHpyeT C 9THJICHOM H, CJleqOBaTeJIbHO, HH OHA W3 JByYX MpHBI 
J@HHbIX BbILLIe CX€M H€ HMeeT MEeCTA. . a 

CueqyeT OTMETUTb, YTO OOPasOBaHHe CHMMETPHUHOTO MposyKTa Opiwio Hall 
JoqeHo XapMoHom (°) B cayyae peakILMH TOMOJHTHYCCKOH TeJOMepH3allHu STIj 
JieHa C C€poOBOJOPpOAOM, Kora B YMCe APyruX BelLecTB ObIMO BbIZeMeHO HU CO’ 
unenve cTpoeHua C2HsSCHeCHe2SCeHs. | 


IKCNeCPHMeCHTAABHAA WACTH 


ONbITHI MPOBOLWINCh B CTaJIbHbIX aBTOKIaBax, eMKOcTbIO 0,5 a. IIpu nepi 
xojle K paOoTe Cc HOBbIM KaTaJIH3aTOPOM B aBTOKJaBe CTABHJICA «rlyXOH» OMbr 
Hayo OTMeTHTb, 4TO BO BCeX CJyYaAX, KPOMe NeHTaKapOOHHa *Kele3sa, KOT) 
pb, OU€BHAHO, MOJHOCTHIO pasviaraeTcA 3a BPeMA OMHOFO ONbITa, NPAXOUMOC 
MIpOTauHBaTb ABTOKaB, TaK KaK CTCHKH aBTOKJ1aBa COXPaHAJH KaTaIMTHUECKY! 
AKTHBHOCTb 6e3 JOOaBJICHHA HOBbIX NOPWHH KaTamu3aTopa. ; 

PeakUuHuH TPHIOITHACHMAHA H TPHITOKCHCHA AH) 
Cc STHMCHOM B HpucyTcTBHUH Fe (CO)s. Peakuua nposesena j 
NOJIYJHTPOBOM aBTOKJaBe. B aBTOKaB OblIO 3arpyxeHoO 34,4 r (C2Hs)sSiks 
1 ma Fe(CO)s u nocuie mposyBKH a30TOM BBeJeH STHIeH JO JaBneHua 45 atTM 
Peaki\woHHas cMecb Harpeta Jo 100°. Peakuua Beach Mpu 3TOM TemMepatyf! 
B TeyeHHe JBYX 4acoB. [ 

Tlonyueno 39,5 r mpogyxra peaxuuu. IIpu pasronxe spigeneno 34,5 | 
(81% or reopun) (C,H;),Si, Tt. kum. 151°, dz° 0,7635, nB 1,4250. Hatiner} 
MR 48,34, naa C,H,,Si Bpraucmeno MR 48,78. 

JIuTepaTypHble JaHuble cm. (2). 

V3 ocraTKa moce oTroHKu (C2H,),Si Bpiemena cbpakuua c tT. kun. 11'] 
mpu 8 mm, np 1,4592; dj? 0,8232. Hatizeno MR 85,72, ana ((CoH;)sSiCH,— 
BbiuuceHO MR 86,22. JIntepatypHpie fannie (1°): tr. Kun. 265—267) 
fiph ;4D82,,, -0,8222. 


Hafizeno %: C 65,241; 65,37; H 12,56; 12,74; Si 24,85; 24,77 
CyzHg4Sig. Berancneno %: C 65,53; ial Wa sh Si 21,89 


Peak TpH9TOKCHCHIaHa C 39TMJIEHOM UpoBefseHa, KaK OMHCaHO BBIIL| 
Hi3 41 r (C,H;O),SiH, np us6nirKe stTuvieHa, B upucytcrsuu 0,5 ma Fe(CO| 
B pesyJIbTaTe 3-yacoBoro HarpeBaHwa mpu 130° nomyyeHo 48 r npogyki| 
peaxuuu. Ilocne pasrouHkH Ha KOJIOHKe BbigemeHo 31 r (65% oT TeopH) | 
(C,H;O)3SiC,H;, 7. Kun. 80—81° npn 40 mm; nj 1,3935; d?° 0,903’) 
MRuang 00,84; MRau 51,24. 


Hatineno %: Si 14,41; 14,33 

CgHgoO03Si. BeruncneHo %: Si 14,60 
H3 ocraTKa mocye oTronku (C,H;O)3SiC,H; Bbienena (ppakuua Cc T. KUMI 
102—103° mpx 5 mm; nj 1,4052, di 0,9587.. Haiizeno MR 90,67, ay! 
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((C,HsO)sSiCH, —), Bpruucteno MR 91,14. Jlutepatypnpie jannpie (2°): 
np 1,4120; dj° 0,9660. | 

PeakNuA TpW9OTHJCHAaHa C 93THABUHUAOBLIM 93upoM. 
Cwecb 42 r (C,H;)3SiH u 39 r C,H;OCH = CH, B mpucyrtcrsuu | ma Fe(CO), 
HarpeBayiacb mp 130° oun uac. IIpu pasronKe npodyKTOB peakIu BbIemeHO 
a2 © C,H;0CH = CH, (t. wun. 36°), 19 r (C.H;),SiH -(r. kun. 106—108°) 
4 9,8 r npogykta (tT. kun. 78—80° npu 10 mm). Halizeno MR 59,31, ana 
(C,H;),SiCH = CHOC,H, Bprunceno MR 59,38. 


Haligeno %: C 64,23; 64,07; H 11,79, 11,82; Si 15,06; 14,89 
CypH22SiO. Baruvcneno %: C 64,45, H 41,90, Si 15,06 


W.-K. CleKTp NoKasbIBaeT HHTeHCHBHYIO Mosocy 1615 cm}, xapaKkTepHyto 
aA TBOWHOK CcBA3H. 

Tunpoms (C,H,;)3SiCH = CHOC,H; 6b ocymectBieH HarpeBaHvem 5 r 
BemjectBa c 3 r 2% H,SO, npu 110° B Teyenve 6 vac. pH MHTeHCHBHOM 
flepememmBaHnu. IIpH neperonke mpoxykTa peakunu womysena dpakiuna 
¢ T. kum. 68—71° mpu 3 mM, n® 1,4370, a?’ 0,8437. Haiizeno MR 76,65, 
aaa (C,H,)sSiOSi(C,H;), BermucneHo MR 76,35. 


Hatigeno %; C 58,65, 58,59; H 12,18, 12,13; Si 22,73, 22,90 


CyeHg 9Si2O. BrruncneHo %: C 58,46; led2aab Sit 27278) 
MuctTuTyT 2seMeHTOOpraHueckHX CoeqHHeHHL Tocrynusto 
Axkayemuu HaykK CCCP 16 IV 1959 
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Ugeu-koppecnonzent AH CCCP J. M. UHKHKOB u B. TI. CUACTJINBbIA 


NOBEXJEHHE OKHCH WHHKA B PACTIJIABAX OKCH]OB 


B mureparype MaJioO aHHbIX O BJIMAHHH OKHCH WHHKa Ha CBOHCTBA LJaKOB.. 
YlonbiTKH H3MePHTb BASKOCTb OKCHAHbIX PaCIIAaBOB, COMepKallUX OKUCb WMHKA, 
OblIH HeylauHpl. YKemesHcTble paciwaBbl, COfepxallive OKHCb WMHKa, BCMeHH- 
BaJIMCb HM He OOajjaJiIH TOMOFeHHOCTHIO B XKHAKOM cocToxHHH. B JaHHon padoTe 
O6blwia MOCcTaBeHa 3aflaua YCTAHOBUTb IIPH4HHY BCNeCHHBAaHHA WMHKOBHCTHIX OK- 
CHAHEIX PaCiaBOB H OObACHUTH ABJICHHE BHIJeICHHA NapOB WHHKA M3 UWWiaka 
IPH BbIMycKe ero H3 WaXTHOM CBHHIOBOMNAaBHJIbHOM meun. 

Merogka 2KCHePpHMeHTa OCHOBBIBaJIaCb Ha JlaBKaX CMeCel OKHCJIOB %Kevle- 
3a, KPCMHHA, KaJIbuA WH WHHKa B HHAYKIMOHHOM Neuv B 3allMTHOM aMiyule us. 
KBaptla. B KayecTBe HarpeBaTeJIA HCMOIb30BaJICA BOMLPpPaMOBLI THreIb. [lo- 
cule THLATeIbHOrO pacTHPaHHA B CTYMKe HM MepeMelINBaHHA CM€Cb OKHCJIOB 3a- 
rpyxKaslacb B WHJIMHIPHuecKHH KOPyHAM3OBbIi THTeJIb HU MpeABapHTeIbHO IIpo- 
KaJIMBaslacb B Mydele mpu Temnepatype 1000°. KopyHaH30BbIM TuresIb Cc HaBe- 
CKOM CMeCH UHCTHIX OKMCJIOB HJIH CHJIMKaTOB YCTaHaBJIMBaJICA B BObipaMoBbitt 
TUPeJIb, KOTOPbIi NOMeLlLaIcH BHYTPH KBaplleBOH amnyubl. M3mMepeHue Temnepa- 
TYPbI MPOBOAMIOCh C MOMOLLbIO MJIaTHHO-aTHHOPOAMeBOH TepMOMapbl, KOHL, 
KOTOPpOH Morpy2xKaicd B pacnaB. TemnepaTtypa nocneqHero ocTurala 
3alaHHOH BelHuHHE! yepes 10O—12 Munyt, mocme uero pacnmaB BbI_epxKu- 
Basica 30 MHHYT MH OXJaxKaicd. B Ta61. 1 npuBefeHbl 3KCMePHMeHTAJIbHbIe 
TaHHble WIA OTJIbHbIX OKHCJIOB METAJJIOB HM pacmlaBOB, COJepxKalllMX OKHCb. 
IMHKa, OKHCJIbI *Kelesa H KpemMHesem. IIpu narpese Zo 1600° npemBaputTembHoO 
mpokaweHHok upH 900° okucH wWHHka 3a 30 MMHYyT yseTyuMBamocb BCero 
1,15%. Harpes u naapmenve Fe2Os mp Temnepatypax Bpue 1600° npuBozur 
K ero JMCCOUMaWHH Cc OOpasoBaHHeM MarHeTHTa WM 3aKMCM x*Kee3a. Tak, B 
pacnuaBe Fe2Os nocae 30-MHHYTHOH BbIepxKH OBO OGHapyxeHO 24% 3aKuc- 
HOrO 2Kewe3a. 

IIpu narpepaHuu cMeceH OKHCJIOB wKese3a HM WHHKA pH TemnepaTypax Jo 
1600° oTmeuaeTCA BCNeEHHBAHHe IWJlaka HW NOABJeHHe Oesoro HasleTa OKHCJIOB Ha 
XOJIOMHBIX YACTAX KBAPI[EBOH AMMYVJIbI, CCIM SKCNEPHMEHT MPOBOAMJICA B aTMO- 
ccpepe Bo3qyxa. B armociepe aprona HaJieT Ha XOJIOMHBIX YaCTAX AMMYJIbI HMe- 
eT MeTalIM¥eCKHH cepeOpucTnml wBeT. Merammuueckuli HameT HM oceBIIMe Ha 
XOJIOJHBIX UACTAX AMIYJIbI OKMCJIbI XOPOWIO CMbIBAIOTCH MOMKUCCHHBIM PacTBO- 
pom Jloy. Anajus pacTBopa 10Ka3ad1, YTO B HeM cogepxKuTca WuHK. [Ip cmpiBa- 
HHH cepeOpucToro MeTaIMYeCKOrO HaleTa COJAHOH KUCOTOH HaOsmIOJaeTCA 
BbijeteHve BOLOpoa. Kak BHAHO H3 TaO. 1, B BOMHBIX CMeCAX B 3ABMCHMOCTH 
OT OTHOWICHHA 2Kee3a K WHHKY BOCCTaHaBIMBaeTca 51—78,6% ZnO. 

Bpefenve B paciwiaB KPeMHe3eMa CHHKaeT BOCCTAHOBHMOCTb OKHCH WMHKa 
BCJIEACTBUE CBASbIBAHUA ETO B CHIMKATbI WHHKa. HarpepaHve Mpu BbICOKHX TeM- 
mepaTypax paciaBa, OTBeYalOllerO CTEXHOMETPHYeCKOMY COOTHOIICHHIO BYJI- 
gemuta (2ZnO-SiOz), He Wao yJIeTyYMBaHHA WHHKa. 

I]naBienHe CMeCH CHJIMKaTa IWMHKa M CHJIMKaTa 3aKHCH 2Kese3a UM MocuesyI0- 
ee BbIepKUBaHHe paciaBa pu Temnepatype 1400° npuBeno K BoccTaHOBWJIe- 
HHIO HW yuleTy4MBaHHto Jo 25% ZnO. 

Bpeflenue B paciwlaB CHJIMKaTa WHHKa Jake He3HauvHTesbHOrTO KOMHUeCTBA 
CHJINKaTa 3aKHCH 2Kese3a MPHBOAMT K BOCCTAHOBJIeHHIO OKHCH WHHKa. Harpe- 


356 


Paornt wi a4 


Tlopegenue OKHCH UHHKa B TPOHHBIX CHJINKATHbIX paciJlaBax 


; © 
PacueTHbl XHMUNeCKHHK 3. rs iS XwMuueckuh cocTaB 
cocTaB CMe€CH OKHCJIOB B% 4 5 : pacnuapa B % 
Vcxogupbit MaTepuaa e Ss o 
5 s e) 
FeO, | SiO, Zn Be s zs FeO | Fe,0O, Zn 
eS ea) S 
Fe ,Os 100,00} — -— 1600° | 30,0 — 24,0 | 76,0 — 
ZnO \ — — 100,0 | 1600° | 30,0 Aeeite) 
Fe,O3 + ZnO 95,0} — 5, Ok | M600 Ss F30) OT S26 e428. 32 | ee) 
85,0} — TOS lOOCr a PSOF Ones. 0. | 
t ] 
2ZnO- SiO, — | 30,0 TOROP Ee LD 50 a0) 0,00 — = — 
2ZnO -SiOg + 6,0] 24,0 70,0 | 1400° | 30,0 | 9,00} 4,0 | 3,98] 58,68 
+ 2FeO-SiO, SOOM S20 37,0 14008 i) 30, 0s), 25,2 0,38 | 26,72) 48,36 
Cmecu UG Ee | Ds Onlwoono Ayr el A OO een ORO melee Al OB) Bie — 
OKHCJICB 25,0) 50,0 ZO | ABOO OO 7G Oss | el AS | alisy, 110 
FesOs;Si02;ZnO f | 45,0/ 50,0} 5,0 | 1500° | 30,0] 20,0 | — | — Pie 
: SEO) 4555 Mssyatdy || LAC |) coO(Os |) AKO) RRA) | Disyeee2 | 25) (77) 
eee} t 31/0] 32:0 | 37,0 | 1400° | 30,0 | 10,0 
eye eye | PAE) 2A OR | 1400 3080 La) — — — 


Bale cmMecelt BuIemMuTa (2ZnO-SiOz) H FesaOs mpu Temnepatypax 1400° npuBo- 
AMT K BOCCTAHOBJICHHIO H YJIEeTYYMBaHHO OKHCH IMHKa. 

B ta61. 2 npHBeeHb! pe3ybTaTbI BOCCTAHOBJICHHA OKHCH WMHKa M3 pacmuia- 
BOB, COJjep2KalllHX KpOMe KpeMHe3ema elle HW OKHCb Kabuua. [IpucyTcTBue OKH- 
CH KaJIbIMA He JesaeT pacnaB B XXUAKOM COCTOAHHH FOMOFeHHBIM: OH BCIICHH- 
BaeTCA HW W3 HeFO BOCCTAHaBJIMBaeTCA OKHCb WHHKa. IIpu Temmepatype 1400° 


WAGGA 2 


PacueTHbIh XHMHYeCCKHH CocraB LO - XumMuyeckuh CocTaB 
CMe€CH OKUCOB ae 2 5 pacnaBa 
ES ae 3 
FeO sio, | Ca0'} ZnO [ ao) as a | FeO. | Fe,0;-| | zn0 
| Be Oe ssN 
5,0 40,0 | 20,0 | 35,0 | 1400 | 30,0 | 15,10} 2,75 | 3,87] 18,13 
5,0 40,0 | 20,0 | 35,0 | 1300 | 30,0 | 3,50) 3,05} 3,41] 25,46 
5,0 40,0 | 20,0 | 35,0 | 1200 | 30,0 | 2,40) 3,61 | 2,60) 23,95 
10,0 40,0 | 40,0 | 10,0 | 1400 | 30,0 | 23,20) 4,54 | 7,16 LG 
10,0 40,0 | 40,0 | 10,0 | 1300 | 30,0 | 8,80] 7,82 | 0,98 4,85 
10,0 40,0 | 40,0 | 10,0 | 1200 | 30,0 | 8,00) 5,64 | 3,59 9,37 
10,0 27,0 | 33,0 | 30,0 | 1400 | 30,0 | 25,0 
10,0 21,0" 30,0017 30,0) 1 1300: 1 3050 |) 9,00) 4,87 1 5,49) 21,48 
10,0 2750) 8330 130,001 4200' 130,08) 7, 80155592") 6,01) 25,5 
20,0 2, OMoo 508 ZOE OR 1300) 305 0M F S230 MEG2 (A Si6St aiie 7s 
30,0 27,0 | 33,0 | 10,0 | 1300 | 30,0 | 9,55| 2,65 | 26,88 ZA) 


3a TPHLUMaTb MHHYT B 3aBMCHMOCTH OT COCTaBa WWlaKa BOCCTAHaBJIMBaeTCA OT 
15 qo 25% okucnw WHHKa. CawxKeHHe TeMMepaTypbI BbIqepxKKU Jo 1200° npuBo- 
TMT K YM@HbINeHHIO KOJMYeCTBa BO3OrHaHHOrO WHHKa. HanOomee momHoe Boc- 
CTaHOBJICHHe MPOUCXOAUT M3 PacMlaBOB, BASKOCTb KOTOPbIX MeHbIIIe MH B KOTO- 
-PbIX MeHbIMee KOJIM¥eCTBO OKHCH IHHKa HaXOJUTCA CBASAHHbIM B COOTBETCTBYIO- 
WHe CHJIHKaTHI. 

O6OcyKReuHHe pesyaAbTaTOB. B pesyapraTe mpopeyeHHor pa- 
OOTbI YCTaHOBJeHO, YTO pacMaBbl, COJep*KallWe OKUCJbI »*Wele3sa HW IMHKA, B 


One 


2KHIKOM COCTOAHHH He ABJIAIOTCA roMoreHHbIMH. IIpu TemMMepaTypax 2%HAKOTO 
COCTOSHHA MpOMCXOAHT BOCCTaHOBJIeHHe HM McMapeHve MeTaJIJIM4YeCKOrO IMHKa. 
Tak Kak pu HarpeBpanun oKUcrbI SiOz, CaO octaioTca 6e3 U3MeHEHHH, TO B Ka- 
YeCTBE BOCCTAHOBUTeA MOryT MPHHATb yYaCTHe TOJIbKO HH3INHe OKHCJIbI 2Ke- 
jega. Pacnuapbl nocue oxslaxkKeHHA JO KOMHATHOM TeMMepatypbl He OBI tep- 
POMAarHUTHBIMH, 4TO FOBOPHT OO OTCYTCTBHH B pacmaBax MeTaJIMYeCKOTO 2AKe- 
le3a WIM MarHeTuTa. B To 2Ke BpeMA aHaJIM3 NOKa3sbIBaeT, YTO B paclaBe Co- 
lepoKUTCH OKUCHOe x%eNe30. IIpucyTcTBHe HeMarHHTHOrO «- Fe2O3 B OxsaKeH- 
HOM pacilaBe rOBOPHT O ero BTOPHYHOM MpoucxoxwJenuH. B cBa3H C STHM MOX- 
HO MIpeAMOO%KUTL, YTO B AWHAKMX pacnaBax, COMepRallMX OKUCIbI wWesesa We 
OKHCb WHHKa, MPOTeKaeT BOCCTAHOBHTEJIbHO-OKUCJINTeIbHad PeakWHa: 


ZnO + FeO > Zn } + Fe2O3; 


oOpasyroulueca Napbl WMHKa yJIeTYYMBAaIOTCA. 


Mucrutyt Metamaypruu um. A. A. Balikosa Iloerynuso 
Axkajylemuu wayk CCCP 28 TV 1959 
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Wornxayn Akaqemuu nayr CCCP 
1995. Tom 127, Ni 2 


AHMH ff 


Unen-Koppecnonjent AH CCCP H. UW. WIYAKUH u HM. ®. BEJIBCKMH 


PHAPOrEHOJIM3 ®YPAHOBbIX KAPBOHVJICOAEPKAINUX 
COEAMHEHWH: NPEBPAIEHWE AJIKWJIAILMJI® YPAHOB 
B WECTHYJIEHHbDIE KAPBOUNKJIM4ECKME COENMHEHUSA 


Kak MOKa3bIBaioT Pe3YJIbTaTbI MHOPHX HCCeAOBAaHHH, HalpaBseHHe THApo- 
HOH3a (ypaHOBOrO WHKJIa 3aBUCHT OT Pa3JIM4HBIX (aKTOPOB, B MepByIO OUe- 
2b OT IIPHPOMb! KaTaM3aTOpa HM CBOHCTB OoKOBOrO 3aMecTuTeA. Tak, dypa- 
OBbIN WHKJI B CHJIbBaHe M (ypHJIOBOM CNupTe Np THApHpoBaHHH B XUAKON 
a3e Ha MWIaTHHOBOM KaTasu3aTope Ajjamca pacilensetca mo C—O-cBa3u, He 
M@XKHOH C OOKOBbIM 3aMeCTHTeJIeM, B TO BP€MA Kak FHApOreHoH3 MMpocsHse- 
0M KHCJIOTbI B STHX Ke YCMOBHAX NpoxosUT no C—O-cBsa3n, coceqHel C Kap- 
)KCHIbHOK rpynnok (+). Crporve BbIBOLbI OTHOCHTeJIbHO BAMAHUA OOKOBOrO 
IMECTUTEJIA Ha HallpaBJleHve pacKpbiTHA CypaHOBOrO KOJIbla pH TuAporeno- 
A3€ BOSMOXKHbI TOJIbKO B Pe3yJIbTaTe CpaBHCHHA SKCMEPHMEHTAJIbHBIX JAHHDIX, 
WIYYCHHHIX IPH THAPHpOBanUHN (bypaHoOBbIX COeAMHEHUM B OLMHAKOBbIX yCJO- 
4AX (—pPa3OBOro COCTOAHUA U JaBseHua. HeoOxoyumoctb storo cielyeT, HanpH- 
ep, H3 TOTO SKCMepHMeHTaJIbHOrO (pakTa, UTO CHIbBaH TPH THAPHpOBaHHH Ha 
DOMHTe Me B NapoBolt chase Mp HOPMaJIbHOM JaBJICHHH Mo_BepraetTca ruypo- 
HOJH3Y TOJbKO B OJHOM HalpaBJIeHHH, HMeHHO mo C—O-cpBa3n 1,5 c o6pa3o- 
AHEM MeTHJIMponusKeToua (*), a B KHAKOH chase MPH NOBbILIeEHHOM aBJeHHU 
yopoya — B OGOMX BO3MOXHBIX HalpaBeHHaAx — no C—O-cBa3am 1,2 wu 1,5 
o6pa30BaHHeM COOTBETCTBEHHO NeHTaHOwa-1 wu meHTaHova-2 (°). YenoBua ruy- 
UPOBaHHA B NapoBOH (hase MHOTa COBEPUICEHHO MeHAIOT XapakTep H Nocwejo- 
ATEJIBHOCTbh NpOXoMAMIMX peakuHh. TuyqpokcusibHad uM KapOOHHIbHaA rpynnyl, 
AXOMAULMeCA MO COCeACTBY C tyPaHOBbIM KOJIbILOM, BOCCTAHaBJIMBAIOTCA B Ma- 
OBO (base Ha HMKeweBbIX KaTamusaTopax (Ni —- ZnO, Ni — CdO) mpesxze 
JIPHPOBaHHA WH TuAporeHouusa dypaHoBoro wWHkKsJa (*), B TO BpeMA Kak 
XKUAKOH cbase BOCCTAHOBJIeCHHe FHAPOKCHIbHOH MH KapOOHHJIbHOH Tpynn c co- 
paHeHvem (bypaHOBOro WHKJia MpakTHuecKH He MMeeT MecTa. Panee (°) MbI UC- 
I€OBaIH BMAHME aIKHIbHOH TpynMbl B G-alKuNdpypanHax Ha HalipaBseHne 
4iporeHomHu3a (bypaHOBOrO WHKJIa B YCJIOBHAX THAPHPOBaHHA B NapoBoki (pase 
a Pt—C np HOpMaJIbHOM JlaBJICHHH HM HaLWIH, ITO NPM. 39TOM MpOucXoAUT 
ACKPbITHe WMKa HCKIIOUNTeNbHO M0 C—O-cBa3H, He CMeXXHOH C aJIKHJIbHBIM 
aNUKaJIOM, B pe3yJIbTaTe Uero OOPasyloTCA alMaTHyecKHe KeTOHHI. 

B wacroaet paOore MbI HcceloBadH peakIMi0 THA PHpOBaHHA MeTHJOBOTO 
pupa mHpocmu3seBOH KUCJIOTbI H 2-MeTHJ-O-alleTHIypaHa B YCJIOBHAX, MOJ- 
OCTbIO aHAJIOTMYHDIX MPHMeCHABIIHMCA MpH THAPHPOBaHHH a-aKMIPypaHos. 
ibl HAI, UTO B STOM CJIyuae Ha HaNpaBJeHHe paCcKPbITHA PypaHOBOro WHKJAa 
eIaIOUlee BIIMAHHE OKA3bIBaIOT KapOOHHsICORep Kalle TPynnbl, WeHcTBHe KO- 
IPbIX MPOTHBONMOMOXKHO WelicTBHIO aJIKWJIbHOTO pafluKasla. B oOoux coejuHe- 
MAX THAporeHomu3 cbypaHOBOrO KOJIbWa MPOXOMHT MerKO HW UCKJIOUNTebHO 
o C—O-cBa3u, coceqHeli c KapOoHuscofzepxKamumMu rpynnamu. IIpu stom 
ePBHUHO OOPasyIOUlHecA MPOAYKThI THAPOreHOu3a NpeTepheBaior B yCJIOBHAX 
apoa3sHoro THAPMpoBaHHA flaJibHeliMe NpeBpalleHuA, MpelcTaBsAloune, 
OJHOM CTOPOHbI, HECOMHEHHbIM TeOpeTHYeCKHH HHTepec, a c Apyrok — OTKppl- 
aIOULHe HOBbIe BOSMOXKHOCTH KaTaJIMTHYeCKOFO CHHTe3a WeHHbIX COeMHeHHH 
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Ha ocHoBe (bypdypoula. Tak, HaMH HalfeHO, 4TO MeTHJIOBbIM IPUP MMPOCH3E 
BOM KHCJIOTHI pH ruyqpHpoBanHu Ha Pt—C mpu 275° oOpasyer Cc BbIXOJOM OKO 
95% MmerusOyTHpaT — MpoxykT eKapOOHWAMpOBaHHA MpOMexyTOUHO OOps 
3ylouleroca apupa COOTBeETCTBYIOMLeH aJIberHLOKMCJOTHI: 


Be H—C—CH,CH,CH,—C—OCH, | —» CH,CH,CH,—C—OCH, + CO 
fo) I I I I 

BecbMa HHTepecHble MpeBpallleHHA MPOMCXOLAT MPH THAPHPOBaHHH Ha 3T0}) 
KaTaslM3aTope 2-MeTHJI-5-alleTHIcpypaHa: B YHCJI€ OCHOBHBIX MpOAyYKTOB MOJy) 
yaloTCca 3-MeTHJIMMKJIOreKCaHOH, 3-MeTHJIMMKIOreKcaHo! HM MetTa-Kpe3o. O€ 
pasoBaHHe KapOoluKIMYeCKHX COeEIMHEHHH MpH rHApMpoBaHHHN 2-MeTHUJI-5-alle} 
THIIy pana mpeqnouaraerT riy6oKve CTPpyKTYPHble H3MeHeEHHA B MOJIeKysle STOF, 
reTePOMHKJIHYECKOFO KeTOHA H Oe3yCJIOBHO ABJIACTCA Pe3YIbTATOM PxAjla MOcE 
HOBaTeNbHbIX peakuMH. BepoaTHasd cxema STOFO Mpolecca MOXET ObITb CeLYIC| 
inet: THAporeHomus ypanoBoro WuKJa mo C—O-cBa3n 1,5 aer renTaH{MoH 
2,6 (II), Koroppili 3aTeM mpeTepneBaeT WHKIM3alluIo B 1-MeTHILMKIOreKceH-1| 
ou-3 (III), aHanornunyio TOK, KaKkKand UMeeT MeCTO pH OOpaborTKe 6-,HKeTOHO 
KMCJIOTAMH HIM wemouamn (°). 1-MerumuuKsoreKceH-1-oH-3 MoxeT 3aTeM peel 
pallaTbca B 3-MeTHJMMKMOreKcaHOH (IV) Hsu MeTa-Kpe3ou (V): | 


m : 
1 CH, 


i 
H 3 ; 
eq Wasa —> CH;—C—CH,CH,CH;—C—CH, ——> 
o «UC jl I 
O te) ce) 


cnt T cnscey o ao 


ares v1 


|r. Hg s } 
— 
CH,C a Se 
O 


OH 
GH CHEM eMaT GCL, 


Scuo, uro mpesppaueuue III B V 6GyneT HanGonee NOHO MPpOXOAUTb pH no} 
BbILIeCHHOH TeMMepatType, a CpaBHUTeIbHO HU3KaA TeMMepaTypa, HaoOopoT| 
6yfeT ONaronpHATCTBOBaTb mpoTeKanmio peaKuun IT]—-IV—VI. Jlelicrsurenp) 
HO, mpu 270—300° B kaTamM3atTe 2-MeTuJ-5-alleTHIdypaha COepxKUTCA OKOM| 
50% MeTa-Kpe3ola HM OTCYTCTByeT 3-MeTHJIMMKNOreKcaHOH, a mpH 215—220| 
oOpasyetca ~ 25% 3-MeTHIMHKIOreKcaHoHa (B CMeCH Cc 3-MeTHJIILHKOrekcaHo} 
JOM) WM MpakTHuecku oTcyTcTByeT Meta-Kpe3ou. IIpH HeGonbmoh cKopoctTi} 
MpOBeeHHA 2-MeTHI-5-alleTHdpypaka Hall KaTaNH3aTOPpOM HeOo/IbIad uacT} 
MeTa-Kpe30J1a MOXKeT BOCCTAHAaBJIHBaTbCH B TOYO. 

TakuM OOpasoM, B OTJIHUHe OT HHKEEBbIX KaTaH3aTOPOB, Tye MepBuyHO)} 
peakiHeli mp TrHApHpoBanun 2-MeTHs-5-aleTHdypaHa ABMAeTCA BOCCTaHOB| 
JieHve KapOOHHJIbHOK rpynnbl, Ha Pt—C cuayana mpoucxoguT, riaBHbM oopa| 
30M, ruAporenous dypaHoBoro Wuksa 10 C—O-cBa3H, coceqHel c Kap6oHHub} 
HOH Frpynnod, H 3aTeM PAN NOCMeAOBATeIbHBIX MpeBpallleHHH, MpMBOAALLH)| 
K SORA ROB AHO KapOOWMKJIMYeCKUX cCoeluHeHul — 3- Se ean aa 


THJ-0- anerusypane Ha Pt —C TakxKe HMeeT MECTO, HO B CTENeHH, eee | 
MeHbINeH, UCM Ha HHKeJIeBLIX KaTasu3aTopax | 


HHe H MOXKET CJLYXKHTb HOBbIM METOJOM KaTasIMTHYeCKOFO CHHTe3a AJIKUIILUKIO| 
reKCaHOHOB HM aJIKHJIPeCHONOB U3 2-aIKUJI-5-alluadpy panos. | 
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Pugpupopanne 2-MeTuJ-5-anerusdypaHa uM MeTusoBoro supa mupocau- 
30H KUCJIOTbI MPOBOAHIOCb B YCTaHOBKe MpOTOUHOrO THMa Mp HOpMaJIbHOM 
BJICHHH HW pa3/IMYHbIX TeMnepatypax: 215—220°, 275° u 300°. Ucxoguoe se- 
CTBO MOaBaJlOCb Ha KaTaJlH3aTOp C OObeMHOH CKOpocTbio 0,1 yac~!. Katanu- 
rop — MlaTHHMpOBaHHbllt yroulb, cofepxauiniH 10% muaTHHbl, ToOTOBHsICA 
OMHTbIBAHHeEM AKTHBUPOBaHHOFO YIVIA PpaCTBOPOM MJaTHHOXJOPHCTOBOLO- 
JHOW KUCJIOTbI H MOCJeAYIOULHM BOCCTaHOBJICEHHeM BOJOPOJOM B peaKIMOHHOL 
yOxe mpu 250—320°. Ilpogyktb! peakHu pasroHAMCcb Ha acpbeKTHBHOH pek- 
PUKAWHOHHOM KOJIOHKe. 

1. Merun6ytupat, T. Kum. 102—102,5°, d2° 0,8979; nresksoor0. 

2. Meta-Kpesou, T. Kum. 201—203°, 45—45,5° (1); d*® 1,0320; ni 1,5380. 
3. 3-MeTHJIMMKOreKcaHOH, T. Kum. 168,2—168,5° (744), G9. 0791295. 0 


1453. Cemukap6a30H  ndcile nepeKpucTadM3alluH M3 MeTHMOBOrO cmupTa 
en T. mat. 179—180°. 


VWuctutyT opranvueckoH XxuMuH Tocrymuso 
um. H. JJ. 3equnckoro 18 IV 1959 
Akayemuu HayK CCCP 


UWHTHPOBAHHAA JIMTEPATYPA 


PH. Smith; J. Fuzek, J.Am.Chem: Soc., 71, 415(1949). 2? H. WU. Wy akan, 
® BeapcKu ht, JAH, 115, 330 (1957). ® R. Connor, H. Adkins, J. Am. 
am. Soc., 54, 4687 (1932). 4H. HW. Wlya kun, WV. © Beapckuit, Usa. AH CCCP, 
H, 1958, Ne 4,506. 5H. HW. Ul yakun, HW. © Bentpeckuad, JAH, 116, 621 (1957). 
@erargher, W. Perkin, J. Chem. Soc, 1914, 1353. 


Sakas 1810 


Jlokxayp Axkagemun nayr CCCP 
1959. Tom 127, Ne 2 


PH3BHYECKAA XHMHA 
Tr. B. BAHOrPAJOB, A. A. MAMAKOB » B. TI. MABJIOB 


TEYEHWE AHOMAJIbHO-BS3KUX CHCTEM MPH JEKCTBUU 
JIBYX UMCTbIX CABMIOB BO B3ANMHO-NEPNEHAMK YJIAPHbIX 
HATIPABJIEHHAX 


(I]pedcmaeaeno axademuxom B. A. Kapeunoim 2 1]T 1959) 


B 3a30pax Me@xKly KOaKCHabHbIMH ILHIHHApaMH MOXeT ObITh peaJIH30BaHtt 
oceBoe HM OKPyXKHOe TeYeHHe, YTO aeT BO3SMOMKHOCTh COMOCTABIATL Pa3JIH4Hbl 
BHJbl TCUCHUA AHOMAJIBHO-BASKHX CHCTeEM B OAHOM MpHOope NpH pasiM4HON CTE’ 
NeHH OJHOPOLHOCTH NOJeh HanpAxXeHHA CBUTra HW PpaMeHTOB CKO} OCTH, a TAKK 
vccJleqOBaTb BJIMAHHe OJHOFO BY Ja TeYeHHA Ha pyro. BsawmMHce BJIMAHM 
PasJIMYHBIX BHZOB JePOpMallHH [WIA AHOMAJIbHO-BASKUX CHCTEM, M0-BHAHMOMY 
JO HaCTOAUerO BPeMeHH HHKeM CHCTeMATHYeCKH He H3y4aJlOCb, XOTA 3TOT BC 
Mmpoc mpefcTraBsAeT 3HAYHTEJILHbIN TeopeTHuecKHH H mpakTHyeckHH MHTepec 
STO BaxKHO MpH paccMOTpeHHH OOULeH MpOGJeMbI CJIOXRHOPO HalpAXKEHHOLO CO} 
CTOAHHA HM OMpeseseHuA TOFO, B KaKOl Mepe CKa3bIBaeTCA H KaK MOET OBIT} 
YUTeHO B3aHMHOe BANAHHE pasHbIx JecbopMauni. IIpaxruyeckoe 3HayenHHe Mpc 
OIeMbI OpesesAeTCA TEM, UYTO MHOFHe AaHOMAJIbHO-BA3KHe CHCTeMbI MOLBep 
TaloTCA TeveHHIO B YCJIOBHAX CJIOMKHOTO HaNpAXKeHHOFO COCTOAHHA. 

B HacTosuleh paOoTe paccMaTpHBaloTCcA Pe3yJIbTAaTbl, NMOJYYeHHbIe Ha Te 
CTHUHOM JMCNepcHOH CHCTeMe C OUeHb Pe3KO BbIPAaKeHHOH AHOMAJIHeH BASKOCTE 
a MMe€HHO Ha X%KHPOBOM coslMgZoOue, cocToABIUeM H3 86,2% BepeTeHHOrO MacuJlé 
12% Ca-mpit xsonkoporo mMacaa u 1,8% Bonn. Jima KOHTpoA BCce 
MOJYYCHHBIX Ha COJIMJOI€ Pe3YJIbTATOB UCMOJIb30BaaCb BbICOKOBA3KaA HbK 
TOHOBCKaA XKHIKOCTb — 9KCTPaKT — MpOAYKT, KOTOPHIH ObWI NowyyeH Mp 
H3BJICUCHHH CeJIEKTHBHBIMH PaCTBOPHTeJIAMH CMOJIMCTHIX BeULECTB HW NOJMUMKJIF 
yeCKHX APOMATHYeECKHX YIVIeBOAOPOLOB H3 OCTATOUHOTO He*bTAHOTO MacuJé 
Pa6ota poBosHacb Ha CJBOCHHOM PpOTalLHOHHOM BUCKO3HMeTpe ('). Stor mpyy 
Oop cocTos W3 AByX BHCKO3MMeTPOB C KOaKCHAJIbHBIMM WHIMHApaMu, oTM4uall 
WMXCH MexKy coOoH TObKO AJIMHOH paOounx NOBepXHOCcTeH WHIMHApoOB. B 3¢ 
30paxX Mey KOaKCHaJIbHbIMH WHJIMHApaMH MO OTHOWWeEHHIO K OKPyXHOMY Ti! 
YeHHIO ObIIO peasIH3OBaHO, C TOUHOCTHIO 10 97,5%, OMHOpOAHOe Nose HaNpAKd 
HUH CABHTa (Toxp). Haanune JByX NpHOOPOB, pa3sqHUAaIOMLUXCA TOJbKO JVIMHO! 
WMJIMHLPOB, NOSBONANO HCKIIOUNTb BIMAHHE KOHUEBEIX addekTos. Bce pacuer| 
NPOUSBOAMIHCb coriacHo (+). CaBOeHHBIi BHCKO3HMeTP C KOaKCHAJIbHbIMH II} 
JIMH{paMu Obl HCNOMb3OBaH TaKXKE [VIA HCCMELOBaHHA Mpowecca oceBoro Tey 
HHA. B sTOM Ciyyae BHCKO3HMETPbI COCAHHAJINCh C yCTaHOBKOH, oGecneunBak} 
WeH MPOBeAeHHe ONbITOB MO MeTOAY MOCTOAHHBIX pacxoyzoB (7). Mcnprryemsi| 
MpOLYKT MpOMaBUBaJICA yvepes 3a30p OAHOTO H3 BHCKO3HMETPOB C KOaKCHadll| 
HbIMH WHJIMHApaMu, 3aTeM B pyro CepHH ONBITOB yepes 3as0p Apyroro BUCKG 
3uMeTpa. TakuM OOpa3s0M, NCKJIOUAIOCh BIMAHHE KOHIEBHIX 3¢(eEKTOB MPH Oct 
BOM TeyeHHu. TepmocTaTupoBaHne MpcBoxusocb c TouHOcTbIO -+1°. ] 

Cuy¥ali oceporo TeveHvA HbIOTOHOBCKHX (°) 4 aHOMasbHOBsAsKUX (1,5) cucTe| 
B Y3KOM KOJIbILEBOM 3a30pe MIPHBOLMTCA K CJyualoO TeyYeCHHA HX B MsOCKO} 
H 
By i: 
rye Ap—nepena apleHvid Ha eQMHHILy JMHbI 3a30pa B OCCeBOM Hamipal 
jenun, ff —wmnpuna sasopa uv L— annua oOpasyiomeli mummnypuueckux n¢ 
BepXHOCcTeH, Ha KOTOPOl 3amMepseTCA Hepenay JaBsenua. Pasnuuve MexLy 3H¢ 
hEHMAMH Toc HA WHJIMHAPWYYeCKUX CTeEHKAX He mpeBocxonuso 1,5%. C sto Tor 
HOCTbIO CIPaBe/\IMBO BbIIMET PHBE ACHHOe BbIPAKEHNE [A toc. CpeHHM rpayMel 
TOM CKOPOCTH JIA JaHHOrO BHJla TeyeHua Oyyem cuntaTb Doo = Q (2nRH?), 


rye Q—pacxog, R—paguyc BHYyTpeHHero wWuuMHApa. CoorHomenve mexKd 
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WfeJIH. Hanpsxkenua ciBpura Ha CTe€HKaX KOVJIbILeBOK WjeJIv toe 


. 


@HUM TpaqueHTOM cKOpocTH Doc TPH TeYeHHH B KOVJIbILeBbIX 3a30pax _u 
AJMCHTOM CKOPOCTH Ha CTeHKaXx Do¢ ONpeeNAOC CormacHo Gis 

I]posepka MeTOANKH, NPHHATOM B HaCcTOAWeH paOoTe, M yKa3aHHBbIX BBILIe 
CUeTOB B OIIbITAX C SKCTPaKTOM NOKa3aJla, Kak HW CJeMOBaIO O*KULaTh, mpe- 
acCHOe COOTBETCTBHE MEXKLY ClyyaiMM OKpy2KHOrO mM cceBoro TeyeHHH. TIpu 
MCHCHMM TpaMeHTOB CKOpOCcTH B Tipesesiax Coulee ueM Tpex JeCATHUHBIX 
)PAQKOB HM Temnepatypp OT 20° yo 50° pacxoxeHHA H3MepeHHbIX HM pacuer- 
IX BeJIMYHH He Tipepocxonnsn 5%. Pe3sy/IbTAaTbI ONITOB C COMOJOM B JBOH- 
IX JOTapHpMuyeCKUX KOOPAHHATAX TpeACTaBenbl Ha puc. |. Syecb, ugHa 
eX NOCJIeyIOMMX PHCyHKaXx, HalpAxKeHHA 
Bura JaHbI B JWH-CM 7, rpayHeHTbI CKO- 
eTH B ceK?. CrvolHbIe  KpHBbie 
oxp (Toxp) AatOT Pe3yJIKTATbI ONLITOB TpH 
‘py2kHOM TeyeHHH. Onn Obl NOsyueHbI 
MW Mepexojyle OT Me€HbIUHX K Oouee BBI- 
KYM Doxp, UPHYe€M B KaxKOM OMbITe Jo- 
wPaJIkCb — YCTAHOBMBIIMeCA = — Pe2K HMI. 
YHKTHpHbIe KPUMBbIe peAcTaBsMoT coool 


BHCHMOCTH Doc (toc), NOJYYeHHbIe pH 
eBoM TeveHHu. Ha 9THX KPHBbIX 3KCHe- 
(MeHTaJIbHbIe TOUKH UMeIOT MOCJIeOBa- 
JIbHy!0 HyMepattuio / —7, npuyem Tou- 

A ObIIM B3ATBI B MHTepBayie MerK]Yy 
uKaMH Ju 2. 3Hauvenua Do. H oTBe- 
follue HM OOC3HAaveHMA pasvIMUHbIX SKCTIe- 


3 
IMCHTAJIbHBIX TOUCK JaHbIB Ta6s. 1. ie J5° 120") 
| ‘Tlepexoy oT 3HaveHult Doc K Doc OKa- ue $2 $2 p2 
H Ha KPHBbIX Doxp (toxp) TOUKaMH A’, se ea ! 
—/7’. B Tex cayyaax, kor qa Hal leu- tA PABA 
re pacueToM TOUKH 2’—7’ OTKJOHAJMCb 50° 35° 20° 


3 4 


MBEIX Doxp(Ttoxp), MO 3THM TOUKaM Lg Toc, Lg Zoxp 


JIM MOCTPOeHbI pacueTHble KPHBbIe Te- 
HHA Doc (toc), KOTOPbIe Ha puc. | mo- Puc. 1. Xapaxrepuctuyeckue KpuBbie 
3aHbIl IITPHXMYHKTHPHbIMH JIMHHSAMH. Fan cate acer Nearer S ti yPe 
KJIOHeEHHE 3THUX JMHHH OT KPMBBIX OK- 

X%KHOrO TeYCHHA CBA3AHO Cz? TEM, YTO TPH MOBbILeHHbIX CKOPOCTAX 
Boro TeYeHHA He JOCTHFaeTCA COOTBETCTBYIOMee 3aaHHOMY Pe2xXUMY MOTOKa 
efeIbHOe paspylieHHe CTPyKTypbl CHCTeMBI, KOTOpce MMeeT MeCTO mpH 
UTEJbHOM NO epxaHUW OKpy2XHOrO TeEVeHHA B YCJOBMAX SayaHHOrO Doxp. 
IO MOKasaHO, UTO NocwIe TOO, KaK CMasKa IIpeJBapHTeIbHO MoOyBeprsach 
TEHCHBHOMY pa3pyUIeHHIO Mp OKPy2KHOM TeYeHHH Ha BbICOKHX : CKOPOCCTAX, 
MBbIe TEYEHHA JIA OKPy2XHOrO M OCeBOrO TeveHHH coBNaJIN. 

IIpH ofHOBpeMeHHOH peasM3allHM OCeBOrO HM OKPYKHOPO TeEVeHHH 3aaBaJIMCb 
BIMUHbIC MOCTOAHHbIe pacxOjbl, H3MepsuIucb Ap WH MOMEHTbI CONPOTHBJIeHuH 
M pasiMuHEIx Doxp. PesyibTaTbl Qa comMyola Wanbl Ha puc. 2. Syecb 
uBble / mpeCcTaBJIAloT COOOM KpHBbIe TOJIbkO oceBoro TeveHHA (Doxp = 0); 
uBble 2—7 mOKa3bIBaloT 3aBHCHMOCTH Doec(tec) MPH 3HavVeHHAX Doxp COOT- 
CTBeHHO paBHbix 8,7; 40; 78; 2,6-10?; 8,7-10°; 3,5-10? cex?. 

OxpyxHoe TeveHve Mp OAHOPOLHOM Move HalpsAxKeHMH CABMTAa BbISsbIBAeT 
BPyILeHWe CTPyKTYpbl CHCTeMBbI BO BCEM 3a30pe MeXKY KOaKCHaJIbHBIMU ILH- 
Hpamu uw cbakTHueCKM MpPHBOAMT K TOMY, YTO MaCTHUHCe TeJIO NpeBpaliaeT- 
B aHOMaJIbHO-BASKYy!IO »%HAKOCTS. Uem BEuwe Doxp, TEM CHJIbHee CHWMKaeTCA 
(bekKTHBHaA BASKOCTb cucTeMbI. IlosTomMy MpH 3afaHHOM Doc. C MOBbILLIeHHeM 
xp CHUKACTCA Toc, A MPH 3aaHHOM Toc C NOBBIWEHHEM Doxp Pe3KO BOSpacTaeT 
¢-OKa3bIBaeTCA, YTO Hp HaJIMUNM OKpyXHOrO TeYeHUA MWlaCTHUHbIe CHCTeMB! 
ryT BbITeKaTb B OCeBOM HallpaBJIeHHH MOA JeHCTBMeM He3HayHTeJIbHbIX YCH- 


Ss) 363 


| SKCIIEPHMeCHTaJIbHO YCTAHOBJIC HHBIX 2 


oF 
ih 


wuli lo CpaBHeHMio C TeMH, KOTOPbIe HEOOXOAMMbI pH OTCYTCTBHM OKPyXHO! 
reuenua (7). SameyaTebHOH OCOOeHHOCTbIO BOSeHCTBHA OKPy%XHOrO TeyveHH 
Ha OCeBOe ABJIACTCA TO, UTO MPH HeBbICOKHX Toc HaOwlOaeTCA NpAMaA pt 
NOPUMOHAIbHOCTh MexTY Doc HW Toce Cul@MOBATeJIbHO, B ONPeeJIeHHbIX YCJt 
BHAX 3aBeEOMO aHOMAJIbHO-BASKHe Tesla MOryT BeCTH CeOA KaK HbIOTOHOBCKY 
*KuKocTH. [Ipn BBICOKMX MH OYeHb BbICOKHX Doc NO CpaBHEHHIO C Doxp, a TaK% 
C NMOBbILUeCHHeM TeMMepaTypbl, BJIMAHHe OKPy2KHOrO TeYeHHA CTAHOBHTCH HEC! 
WWeCTBeHHBIM. BesieycrBve 9TOrO KpHBble 2—4 Ha puc. 2 C MOBbILMeHHeM T 
ACHMNTOTHYeCKH COJIM2KalOoTCA C KpHBOH 1. ; 
Bauanne Doxp Ha toc MPH Pa3JIMUHbIX MOCTOAHHBIX 3HaveHHAX Doc U300p 
}KeHO TOHKUMH CMVIOWHbIMH JMHuAMH J —VIJ Ha puc. 2. B cooTBeTCTBHH 
CKa3@HHbIM BbILUe, y CHCTeM C pe3KO BbIPaxKeHHOH aHOMaJIMeH BA3KOCTH Mj 
BbICOKHX Doc OKpy2KHOe TeYeHHe HauMHaeT CKa3bIBATbCA ,TOJIbKO Mpu Oo” 


2 N 
° § ————— 
+ 
~ 


Puc. 2. Bauanue oKpy2XHOro H OCeBOro TeyeHHH Ha OCeBOe COMPOTHBeHHe 


wux Doxp (Kpupat J gaa 20°). C mocraTouHbim mpHOmMKeHHeM MOK 
CUNTATb, UTO B STMX CyyaAX Mp HeBbICOKHX 3HAYCHHAX Toc OHH CBAZAI} 
o6paTHOH 3aBHcuMocTbIO C Doxp. 

Bausuve oceporo TeyveHua Ha OKpyKHOe MpeCTAaBIeHO CeMeHCTBAMH KPHBBI| 
v300paxKeHHbIx Ha puc. 3. Kpalinue seBble KpHBble B 29THX CeMelcTBaXx OF} 
CbIBAIOT YMCTOe OKPyKHOe TeyeHHe HM Cyyall HaMOKeHH MeWNeHHDIX oceBH 
TeyeHuH Ha oKpyxHoe. Ilepexoq BipaBo Ko Bce 6ouee KpyTO NOAHHMAIONIMM 
KPUBBIM COOTBeTCTBYeT yBemuyeHHIO Doc. OceBoe TeyeHHe HeCKOJIbKO MOB} 
waeT CONPOTHBeHve MepopMupodBaHHIO MPH OKPyXHOM TeyeHuu, a Taki 
YBEJIMUHBaeT AHOMAJIMIO BAZKOCTH, KOTOpyfo CHCTeMA IIpOABJIACT IPH OKPYKH 
TevCHHH. ITO MPOMCXOAMT B_TeM GOouIbileH CTeMeHH, 4eM BbIie Do, .0 OTE 
meHHto K Doxp. mig? ) 

Stor atppekT cBa3aH C TeM, TO Mpa HanoxwKeHHu “oceporo TeseHHA 
OKPyKHOe B KOJIbUEBOH 3430 HeMpepvIBHO MOCTYMaloT HOBSIe Mopuun cma3h 
HM 3a BpeMH HX MpeOLiBaHHA B 3a30pe He MOCTUTaeTCA MpeseMbHoe paspyuieH 
CTPYKTYpbI, COOTBeTCTBYIOUlee 3aaHHOMy pexKHMy TeveHuA. PaccmoTpeHut 
acppeKT peskO CHMKaeTCA C NOBLI'UCHHEM TeMMepaTyPpbI H eCJIM CMa3Ka Onluta TIPE 
BapUTe/JIbHO MOBeEprHyTa BO3KeHCTBHIO OTeCHb BEICOKHX Doxp (roMoreHu3allH 

IIpH paccmorpeHum CoBMecTHOrO BJIMAHUA ABYX UMCTHIX CABUrOB pyr | 
Apyra CJleOBaylO MPpOBEpHTb BO3MOXKHOCTh HX cynepno3sunuu. Tpocrefw 
pacueT MCXOQUT W3 BO3MOXKHOCTH FeOMETPHYECKOTO CIOKEHUA toxp H Toc 
COOTBETCTBYIONIMX MM rpaMMeHTOB CKOpocTeH. Dro crporo onpaBAbIBaeTcA J 
HBIOTOHOBCKHX 2KUAKOCTeH (cJlyua skcTpakta). Hamu copmectuo c H. B. 4 
OMHbIM NOKa3saHO, YTO NOLOOHEMi NyTb AonycTMM, Mo Kpaiineft Mepe, B nepBe 
MpHOJMKeHMM UM JIA AHOMAJIbHO-BA3KUX CHCTeM. STO MuMOcTpupyerca Bil 
HBIMH pc. 4, KOTOpbIH nNocTpoeH aHasorM4uHO puc. 1. Ha pue. 4, Kp¢| 
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wal Gut vatauee: 


Ne ToueK Ha 


pyc. 4 7 2 | 3 | 4 | 5 | 6 | 7 
[Sanna eee ee 
em®/ceK 1,4-10-8 |4,77-10-8/1 ,34-10-2|6,03-10-2/2,03-10-1/6,05-10-3] 4,82 
cek~} 0,204 0,65 1,82 8,22 27,6 82,2 248 


IIpuMeuanue. Touku aa unctoro okpyxHOoro TeyeHua Ha BCex pucyHkax o6o0- 
ANCHbI KBaypaTuKaMH. 


sMCUMOCTeH Doxp (Toxp) MU Doc (toc), XKHPHbIMH JIMHMAMM MOKa3aHbI 3aBHCHMO- 
1 D;(t:), rae D; Mt cOoTBeTCTBeHHO pe3ysbTUpylollMe rpaMeHTsl ckopo- 
‘HM WM HallpsxkeHHaA cyBura. V3 puc. 4 BuHO, 4TO OOOOIeHHbIe KPMBBIe 
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Lg Toxp i Lg Foc, LG Tonp, LG T . 
Puc. 3. Bauanue oceporo TeueHuA Ha Puc. 4. XapakTepncTuyeckue KpHBbIe OKPyx- 
OKpy2K Hoe HOrO M OCeBOrO TeueHHH H OOOOULeHHbIC KPHBbIe 


TeyeHHA NPH CJIOMHOM HAaNPARCHHOM COCTOAHHH 


CHUA TPH CJIO%KEOM CABHTe JlexKaT, B BUUIKe, COpasyeMoH KpHBbIMH OKpyx- 
ro «HW «CCeECIO TeveHHH. OHH CCOTEETCIBYIOT pa3JIHuHBIM Doe =const u 
IpepbIBHO U3MeHsIcIMMCA Dexp. T)paM copnagenuu KpuBbIX Dec(toc) H 
kp (Toxp) Momyuaetca enna c€oCimenHad KpuBaa D;(t;), OnUCHIBalollaa pH 
=const BCEEOSMOXKHbIeC CO“eTAHHA PeE2XKUMOB OCEBOFO HW OKPy2XKHOrO TeveHHH. 
ABTOpbI BbIpaxkaloT ruyGoKylo GuarofapHocTh akayemuky B. A. Kapruuy. 
MHTepec K paCoTe, ee COcyxMeHHe HW IMWeHHbI€ COBETHI. 


WuctutyT nedtexumuueckoro CHHTe3a Ieciynuso 
AkajemuH Hayk CCCP 21 III 1959 


UMTMPOBAHHASA JIMTEPATYPA 


1B. TI. Ilaspaos, Tp. 3-H Ececcic3su. rcredep. ro rcazcvgzKou xuwuu, M3. AH CCCP, 
6,ctp. 144. 2 T. B. Buuorpagzos, B. I. Ilaspaos, C6opx. Hu3koremnepatyp- 
> cpolictpa HedtenposyKtos, 1949, cip.61. *C.M. Tapr, Ccnopupie 3azauu TeopuH wa- 
japHpix Tevenui, ra. 1], .—JI., 1951. 4M. Tl. Bonaposuy, A. M. Ty tKus, 
[®, 16,321 (194€). © UM. Ks Wunanuos, Kern.xypu.,. 11, 363(1949), ° J.W. Am- 
ita. &. Blott, Ihre Frincipels of Rreological Measurment, London, 1949, p. 25, 
Tl. A. Il xaap, Peonornyeckoe vecneroranne NopefeHunA macTHUHbIX CMa3OK B TepMe- 
MPORAaHHEIX yesax Tpexus, Kany. qucceptauna, Kasanp, 1954. 
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Jlonrsagm Akapemunu nay CCCP 
1959. Tom 127, Ne 2 


PH3BHYECKAA XHMH J) 


M. A. TEH, M. C. 3HCKHH u WO. HM. METPOB 


MCCJIEQOBAHHE JIMCNEPCHOCTH A9SPO3OJIEH AJIFOMMHUA 
B 3ABHCHMOCTH OT YCJIOBHM HX OBPASOBAHHA 


(ITpedcmaeaeno axademuxom B. H. Kondpamoeeom 13 III 1959) 


Oco60e cOCcTOAHHE MeJIKOJMCHePCHbIX MeTaJVJIOB, CBA3AHHOE C CHJIBHO Pa3BHe 
TOM MOBEPXHOCTHW, JesaeT UX UPe3BbIVaHHO AKTHBHbIMH KaK B OTHOLWICHHH akcopC 
ILHOHHBIX CBOHMCTB, TAK HW B pAye XHMMYeCKHX mpoleccoB. BecbMa CylleCTBeHHBI§ 
MOSTOMY ABJIAeTCA MpoBeeHH 
HCCJlIehOBaHHH,  CBA3bIBaIOUL 
AKTHBHOCTb MeTaJVJIOB C HX HC 
TI€PCHOCTbIO, OCOOeEHHO WIA past 
MePOB YaCTHL MeHbIINX 10-5 ew 
TlonyueHHe mWyTeM MexaHH4 
cCKOrO J{poOseHHA TAKHX BBIC 
KOJMCHepCHbIX CHCTeM C 4aCTY 
1LaMH, JOCTATOUHO OJHOPOHbIME 
MO pa3sMepy, 3aTPYAHHTe/IbHOA 

Teu, 3empmanos xu Ilan} 
HHKOB (1) yKa3aJIH Ha BO3MO 
HOCTb H3POTOBJI€HHA agpo3oue 
MeTaJIJIOB NyTeM HcnapeHua 4Y 
KOHJCHCalHH MeTaJIJIHYeCKH) 
MapOB B HHEPTHbIX Tra3axX Wl 
napax. Mb HcnoIb30BaIH 3TCe 
MeTOX WIA MOyYeHHA MOport} 
KOB aJIIOMMHHA. . 

B WeHTpe CTeKIAHHOH KOJ! 
Obl WHaMeTpoM 8 cM Ha_ BUHTKI 
BOJIbppaMOBOH IPOBOJIOKH TIC} 
Melasiacb Hapecka A] (100 mr} 


Puc. 1. Asposonn Al, nomyyeHHble MpH pasnHUHbIXx 
qapnenuax Ar:a—3 mm, 6— 19 mM, @ — 27 mM, Toc.e OTKANKH MO MaBJIeHH| 
2— 27 vm. a, 6, ¢ — 11550 X ; e — 20800 x ~10°° MM pT. cT. H OG6esraxt| 


BaHHA KOJOa HanOHANaCh af 
TOHOM, HJIM TeJIM€M BOAOPOROM NO 3aaHHOro aBJIeHHA, 3aTeM MPOHSBOAMNOC 
mowHOe HcnapeHwe HaBeCKH B TeyeHHe 2 MHHYT. 

OOpasoBaHHble Ha CTeEHKAX KOJIObI (OXa2%KAaeMOl BOLO!) PbIXJIbIe erKO O° 
AeAeMbIe OCAIKH B 3aBHCHMOCTH OT JlaBJIeCHHA HM pola HanonHsolero ra3 
H3MeHAJIM CBO WBeT OT TytyOOKO-YepHoro 0 CBeTJIO-ceporo, 4epHbIe ocayK 
HHOra MPH MepBOM Ke COMPHKOCHOBeHHH C BO3YXOM CaMOBOCIWIaMeHAUCH| 
Mapsevenuble OcaqKH MOABeprasuCb XHMMYECKOMY aHaH3y Ha cosepxKaHne Mt 
TaJlia MYTeEM H3MepeHHA OObeEMAa BOMOPOMa, BbILeTAIOMerocA B pesybTaTe of 
paOorKH HaBeCKH UlesoubIO. TouHOcTh aHaiu3a coctaBlana~2% (no Becy). 

B HekoTopbIx onbirax mocae ucmapenua Al B kom6y HanycKasca u3BecTHET| 
OObeM 4YHCTOrO KHCOPOLa, H MO H3MeHeHMIO WaBeHUA ONpekenaach creneH 
okucieHun Al. 
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Hccneqopanne JucnepcHOCTH MOJIYYeHHEIX adpo30ueH MPOBOAMMOCb Ha IIeKT- 
HHOM MHKpocKone Tuna OM3. OOpekT HaHOCHsCA Ha KOJIOAMeBYIO MWIeHKy 
} BSBECH B AMCTHJJIMPOBaHHOH Bose. KanvOpopka yBesM4eHH BbINOJHANACb 
MOMOULbIO BOJIJIACTOHOBOH HHTH, yKpelvieHHoli cmiaBoM Byjla B3aMeH CeTKH 
1 KOHIe€ CTaHapTHOrO MaTpoHa OObeKTOepxKarTesa. 

H3Mepenne TOuMHHbI HATH H M306paxenuli Ha HeraTuBax MPOBOLMOCb KOM- 
iparopom M3A-2. Ha myuummx cHuMKax paspemlaioulee paccrosHue cocTaB- 
110 =~30 

CreneHb JucnepcHOCTH ompesemaacb OOMepoM HM MOsCUeTOM “MCA YaCcTH 
1 POTOrpPapuAx, OOpasiibl KOTOPHIX MpMBeeHb! Ha puc. |. 

IlosyuenHble TaKHM MyTeM HHTerpaJbHble HW Aupepenwuabuble pacmpese- 
HHA UACTHU BO BCeX CJIYUaAX ObWIH CXOJHbI C MPMBeEeHHBIMM Ha pH. 2 WA 
ita B ArnpH 27 mM pr. cr. M3 qudpepenuna- 
sHOrO paclipeseeHuA oOllpekemaca cpeqHui @0 
sBELUICHHbIM pa3sMep 4acTHIl. 

SaBHCHMOCTb CPpeHeEBSBeELIeCHHOTO pa3Mepa 
ACTHIL OT JaBJICHHA HM pofa ra3a mpescTaBue- 
aA Ha puce. 3. 

Bo Bcex ombitaX OOJIbIIHHCTBO 4aCTHIL He 80 
IMYaJIOCb TO CBOMM pa3MepaM OT cpeyHero 
lee UCM B Ba pa3a. C yMeHbUIeHHeM cper- 
TO pasMepa YacTHIL UBeT OCaKOB H3MeHAJICA 
> eBeTIOro K uepHomy. KpuBpie puc. 3 moKa- 
IBalOT, UTO, HAYHHAA C HeKOTOPOrO JaBseHUA, 
eH pasMep YaCTHIL MepecTaeT 3aMeTHO H3- 
SHATLCA, MOCTHTad XapakTepHOH WIA KaxkJoro 
i3a BeMUMHDI. IIpu aBeHHAX Tasa MeHbIe 
MM TlOJlyYalcb OCafKH, pa3Mepbl 4“acTHI 
TOPLIX ObLIH NOPpATKa WIM MeHbIUIe pa3spe- 0 
alolllerO PaCCTOAHHA JCKTPOHHOFO MUKPOCKO- 
a (~10-* cm). 
| PesyIbTaTbl A3MepeHHA OKHCJIUTebHOK CMO- 
OHOCTH OCaJ[KOB M aHHble XHMMYeCKOrO aHa- 
13a OKHCJICHHBIX B aTMOC(ePHbIX yCJOBHAX 
)POMIKOB pHBeseHb! B Tau. |. 

Ha puc. 4 qaHa 3aBMCHMOCTb COJepxKaHHA 
‘Tala BOCaKe OT cpeHero pasMepa uacTHy. PacueT Ha OCHOBAHHH JaHHbIx 
c. 4 noKa3aJl, YTO TOMULMHA OKHCeCHHOTO CJIOA CMaOO 3aBHCUT OT pasMepa 
CTHIL H COCTABJIACT OKOJIO JCCATH MOJICKYJIAPHbIX CJIOEB. 

| Tlocnenyroulee XxpaHeHHe NOpOuIKOB B aTMOC(PepHbIX YCJIOBHAX B TeYeHHe He- 
(OIbKUX MECALLEB MpaKTH¥UeCKH He H3MCHHJIO HX COCTAB H IBeT. 


100 


Yueno vacmuly 
§ 


Ss 


if 2 
4uamemp vacmuu ——— 


310 tm 


Puc. 2. [ubbepenuvanpuaa (a) u 

HHTerpasibHad (6) KpHBble pacmpe- 

WeleHHA vacTHIk MpH apmeHnuu 
Ar 27 MM 


ha Onnuiiras | 


Cojep- Cojep- 
Oxucule- |xanue Me- Oxucse- | KaHHe Me- 
Tlapsenue | Hue OCal-} panna B TlapmeHve | yye ocan- | Tava B 
Tas rasa (MM | Ka 10 M10-| ocanxe mo || 143 Pasa (MM | xa mo no- | ocagqKe no 
pT. CT.) |raouleHut0 | xym. ana- PT. CT.) |rnomenuio | xuM. ana- 
O2, % ausy, % Oo, % THSy,% 
I 19 — 86 4 24 81 
He 36 ie 86 3 19 82 
Dd 13),0 85 
—— 8 — 86 
4 17 83 Ar 15 _— 95 
He A, 15 80 23 _— Ny 
31 20 78 24 —— 96 
26 — Gy 
27 — 92 


3aBHCHMOCTb pa3Mepa YaCTHI OT AaBJIEHHA MU pofa ra3a MOMKHO KavecTBeHH! 
OObACHHTb, MpesnoNarad, YTO BOSHHKHOBeHHeE HM pocT arperallMH nmpoucxogH' 
TOJbKO B TeX OONACTAX raza, Pe HMeeTCA MOCTATOUHaA KOHIEHTPallA ATOMO! 
MeTaJJia, OOaqaioulHx SHeEprveli Hu2%Ke HeKOTOPOH BemMUMHBI. TIpH Mabe 
WaBJeHHaAx aTombl Al focTuraoT CTeHOK cocyjla 6e3 CTOJKHOBeHHH, OOpa3y: 
3e€PKaJlbHbIH OcayoK. C HeKOTOPOrO AaBJIeEHHA BOMH3H CTEHOK BO3HHKaeT OOIACT 
arperallui, KOTOpasd MO Mepe NOBBILIEHHA JaBJIGHHA paClIMpseTCA B Hanpak 
JIGHHM K WeHTpy cocywa. 
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| eae 100 
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S yj 2 

> 110 re 

© 2 90 

. < 

eal 8 

s s 

S 8 H 

S - 

‘ 10 20 IO ro) 10 15-10 cm 

MM pitti _ 

Aabrevue easa P Posmep yacmul, 

Puc. 3. SapucumocTb cpeq HeBSBe- Puc. 4. SapucumocTb conepxaHua Al B 

WeHHOrO pasMepa YacTH IL OT JaBule- ocayKe OT cpeqHero pa3Mepa uacTHIL. 
HHA Qin Ar, He uw He a= Ann6 == Hee e3-He 


STOMy paciuwHpeHuio oG6sacTH arperalMH COOTBeETCTByeT POcT pa3sMepo 
YaCTHL, CBA3AHHbI C YBeJIMYCHHEM UHCJa CTOJIKHOBCHHH WM yJJIMHeHHeM IyT. 
YaCTHI M0 CTCEHOK (Ha4¥aJIbHbIe yYaCTKH KPHBbIX Ha pue. 3). Tipu Aapienuax 
COOTBETCTBYIOULHX MJIOCKHM y4acCTKaM KPHBbIX pc. 3, TalbHetWMH poc 
YaCTHI NMpeKpalllaeTca H3-3a U3PpacXOMOBaHHA ATOMOB MeTasuia. PacnosoxeHu 
KpuBbIxX Jia Ar, H, u He oObacHaeTcA pa3JIMUHbIM XapaKTepOM COmeHa 9HEP 
rHeli Mp CTOMKHOBeHHU aToMoB Al c aTOMaMH HM MOWeKyJIaMH fa30B B 3aBh) 
CHMOCTH OT MaCCbI H CTPOeCHHA NOCeMHHX. . 

XapakTepHOH OCOOeHHOCTbIO MOJYYeHHBIX aspososeH ABNIAeTCH ccbepuyeEl 
CKas (OpMa HX YAaCTHIU, BbINCHeEHHe CTPYKTYPbl KOTOPbIX MOMKET MPOJHTb CBel 
Ha HeKOTOpble OCOOeHHOCTH OOpa3z0BaHHA TBepsOH dasbi. Hamu mMpoBosaTe:) 
ONbITbI B STOM HanpaBJIeHHH. 

CuntTaeM CBOHM JOJITOM BbIPa3sHTb OlarosapHOCTb WIeHy-KOppecnoHeHTy 
Axajylemuu Hayk CCCP A. VW. [lanbHukopy 3a px WeHHBIX COBETOB H yKa3aHHit 


VMucTHTyT XHMMYeCKOM u3HKU Tloerynuao 
Axkajlemunw HayK CCCP c 3 UT 1959 


WMTHPOBAHHAS. JIATEPATYPA 


Lote I. Gen, I. L. Zelmanoff, A. Il. Schalnik otf, Koll) Z, 63) Het 
(1933). a et | 
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Jorsagn Akagemun nayxk CCCP 
1959. Tom 127, Ni 2 


PHSHYTECKAA XHMHA 


M. T. AMUTPHEB uw C. A. NWWEKEWUKHM 


CEHCHBUJIM3AL NA PAXMALMOHHO-XHUMMYUECKON PEAKILUK 
HA OCHOBE TIEPE3SAPAAKH HOHOB 


(ITpedcmaeaeno axademuxom C, C. Medeedesum 5 III 1959) 


OHM 3 BOSMOXKHBIX DyTeH ycKOpeHvaA paflMallMOHHO-XMMHYeECKUX peak- 
MH ABIAeTCA MeTOX CeHCHONMIH3alMM. B oTmMune OT (OTOXHMMYeCKOH CeHCH- 
JIM3alMH, OCHOBAHHOM Ha Nepesaue 9HEprHn BosOyxKTeHuA, B pafHallMOHHO- 
MYCCKUX PeaKILMAX BOSHHKACT BO3MOXKHOCTb CeHCHOMJIH3aWA NocpeCTBOM 
pekayv sapayja TIpH coyflapeHuAX MOHOB C MOVIeKyJaMnH. 

| Kak usBecTHO, OCOOeHHOCTbIO palHallMOHHO-XHMHUeECKHX peak ABJIACTCA 
3aHHe XUMMYECKH-AKTUBHBIX UYACTHIL B pesyJIbTaTe NepBHYHOH HOHH3AaLMH. 
OSTOMY YBeJIHYeCHHe KOHILCHTPallHH AKTHBHBIX JIA PeaKIUHH HOHOB MOET OCy- 
eCTBJIATbCA MYTeEM NepesapxAKH. OueBnyHO, 4YTO Ha MpHHWHNe NepesapAAKH 
KET ObITh OCHOBAHO TaK2Ke NOMABJIEHHE HEKEMATCIbHbIX PaflHal|MOHHO-XHMH- 
CKUX IIpOlleccos. 

Jina BbiicHeHHA S¢ceKTHBHOCTH CeHCHONIH3aLNN paHallwOHHO-xHMHYeECKHX 
aKUMH Ha MpHHWuNe HOHHOM NepesapAKH MbI BOCMOJb3OBaINCb H3YYCHHOH 
MM peakiWeH palWalMOHHOrO OKHCJI€HHA a30Ta KHCJIOPOOM. 

| Kak Obuio ycraHoBseHO ('), 9Ta peakIMA NMPOUCXOAHT B pesyJbTaTe OOpaso- 
\HUA MOJIEKYJIAPHbIX HOHOB azoTa Nj uM CKOpOCTb ee MponoplMoHasbua shqeK- 


BHOCTH MOHM3alNH a3soTa. IlosTomy OHa JO2%KHA YCKOPHTbCA MpH yBeunue- 
HM KOHIeCHTPallMH HOHOB Na KOTOpOe MOXKeT ObITh MOCTHTHYTO NocpeJCTBOM 


ppelauw 3apxAya OT MOJIeKyJIbl a30TAa K HOHAM OlaropofxHbIxX ra30B, OOpa- 
MOUlMXcA mph oOGyueHHH cofepxauieH ux cmecH. Jina STON Wen 
AMM ObIJIM UCNOMb3OBaHbI remMH, HEOH HM aproH. [loTeHwHasbl HOHH3ALHU aTO- 
pbB He, Neu Ar papupi 24,45; 21,48 u 15,70 9B, cooTBeTCTBEHHO, HM NPeBbIWaloT 
DTeHIMasl HOHH3AllMH MOseKysbI a30Ta (15,576 3B). Takum oOpa3om, B OOuly- 
ACMOH CMeCH a30Ta C GOarOpOAHbIMH Ta3aMH lOJIKeH MPOMCXOAHTb Mpowecc 
ppesapaKu: 


NESaKE CO Ne aXe (1) 


xe X — atom OsaropogHoro ra3a. 

O6syueHHe MpOv3BOLNOCb palvOaKTHBHBIM KOOaJIbTOM AKTHBHOCTbIO OKOJO 
10? Cu B CTeKJAHHbIX HW KBaplleBbIX ammyax eMKocTbIO 20 - 50 cm3. Jlo3u- 
)BKA OUMINCHHbIX Ta30B OCYLLeCcTBIANacb no JaBsenuio. Ilocne o6syyeHna 
| aMITyJTY BIYCKaJIM JBaxK {bl JUCTYMpOBaHHY!O BOY HM BbIJEPKMBAIN LIA 
)rIOMLCHHA OKHCJIOB a30TA B TeEYeHHE HECKOJIbKUX CYTOK. 

A30THad HW aZOTHCTAA KUMCJIOTbI ONpeseANHCh KONOpHMeTpHyecKH. Kosnue- 
BO MOFIOWLeCHHOH SHeEPrHu Y-H3yYeHHA ONpeeNANOCh NO AOsHMeTPHYeCKOH 
raKIMM -OKHCICHHA JBYXBasieHTHOrO 2%Kele3sa. B KaxKOM OMNbITe OLHOBPeMeHHO 
TyuasOCb B OMHAKOBbIX yCOBHAX 25 amMMyJI, H3 KOTOPbIX 3 ABJAJIHCb O3H- 
TPHYeCKHMM. OKCHO3MUHH paBHATHCh 7O—150 uacam, TemnepaTypa OMbITOB 
—80°C, HTeHCHBHOCTb, O6s1yyeHuA cocTaBasasa 101? —5-10!4 93B/cm*ceK 
PA3JIMUHbIX CeEPHAX. 
| Ucceneqopanve MpoBosusocb B YCNOBHAX MaJIbIX TipeppalieHHH, Kora BbI- 
JIHACTCA JIMHeHHAaA 3ABHCMMOCTb MeXKAY KOMMYECTBOM OOPAa3YICLIMXCA OKHC- 
BU MOPiOuleHHOH SHEpruehH U3yYeHUA, T. €. MPOWeCChl pasORKeHHA NPOyK- 
peakllMu 3aMeTHO He MpoTekalorT. 

BpinonHAeMOCTh STOH WHHeMHOM 3aBNCHMOCTH MulICcTpupyetcs Ha pue. |. 
DHUeHTpalluA OKHCNOB a3z0Ta cocTaBsa 10-? — 10-% moa.%. 
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OcHoBHble pes y/IbTaTHI IpuBeyeHb! Ha pc. 2. B sTHX ONbITAX YaCTb BOSAYX: 


3aMeHAJaCb COOTBETCTBYIONIMMH KOJIMUeCTBAMH MHeEpTHOTO Ta3a. Xora np) 
3TOM KOJIMUeECTBA a30Ta H KHCJIO 


pola yMeHbIUIaloTcA, CKOPOCTb pea 
mon. fem. fgF KUMM BOspacTaeT, MpHYeM OHA YBE 
JIMYMBaeTCA C YBeJIHYCHHeM KOJI 


45 
‘ yecTBa HHeEpTHOTO ra3a Mp MOCTO 

AHHOM KouIMyecTBe BO3Ayxa (70 | 
200 mm pr. cT.). B cmecax c H30bIT| 

IO KOM HHepTHOro ra3a CKOPOCTb peal 

= KILMH 3HAYHTeIbHO OoJIbIle, YEM | 

Ni oTcyTcTBHe mocjejuHero. Tak, 

N cmecax, Colepxkautux 90% aproHay 

§ 95 CKOpocTb peakyHH B 2,8 pas, 

R 6oulbue, YeM 6e3 aproHa. Taku 


o6pa30M, HMeeT MeCTO OTUETJIMBA) 
CeHCHOHIH3alluAa peakUH OKHCIJIE 

HUA a30Ta OlaropowHbIMH TrasaMu} 

ua boils Biase 10 sb/om?.0°® + Panee Hamu Oblu0 ycTaHoBueHo (1) 

UTO HOHH3allMA KUCIOpONa He Ip 

BOJUT K peaKIUMi OKHCJICHHH a30Ta 

Puc. 1. 3aBucumocTb konieHtpanli NO» or Boodue NO, B 3aMeTHEIX kOWIB 

KOJIMYeCTBA TNOPOULeHHOH 9Hepruu. Makcu- yeCTBaxX He o6pa3yertca, ecJIH OC; 

MaJIbHadA 9kKcCHo3sHunA 120 4ac., qapsjeHne Jly¥aTb TOMbKO Kucsopor (7). [loste 

750 MM pT. cT., oObem amnyapr 31,5 cM, MV VBEIHYUeHHe CKODOCTH DeakKILH 
Temlepatypa 18°; 1— Bo3zyx, 2—73% Ar, yy P P . 

3—73% Ne, 4—73% He OKHCJI€HHA a30Ta B MPHCyTCTBH) 
MHeEPTHBIX Ta30B MOKeT IIpC 

MCXOJUTb B OCHOBHOM B Ppe3yJIbTaT 

mpolecca mepesapa 1). 

Paccmorpu, HaCKOJIBKO OTHOCHTEJIbHag Siete MaRS R EL 

ero eHCTBUA OaropomHEIx razon Ar > Nes He COOTBETCTBYCT OTHOCHTE/IbHO 

S¢ekTHBHOCTH Mpoleccos MepesapAaaKu (1). [Ina sToro Bocnomb3yemcs TIpH) 


monfen® cep 9% monfom® ceh 0 
0 / 0 
2a 
Ja 
S 
3 3 
. 4a S é 
& oF 26 yy Di 
Q mS) 
§ J6 & 
S 46 N 
8 S 
bi) 
] 0 
200 400 600 mM pr om. 400 750 : 


Aabnende ——~ Wig hrenae MM fT) bf) 
Puc. 2. Sapu 1 
Lele mgen ete. peakuuuM OT faBneHua. Cmepa—osxKcno3nuua 142 yac.! 
amnymt 30 cm’, Hauanp OcTh oGuyueHua 1,6-10!4 95/cm3-ceK?, Temmepatypa 21°, o6nert 
Ne, 4—He. Hauampuoe woe Aapnenue Bosnyxa 200 wm pr. cr. J — sosayx, 2— Ar, gal 
gate ae depen eS a — 200 uo pt. et., 6 — 70 um preer Cnpasa — sxeno} 
yg BAe a AN JibHad WHTCHCHBHOCTh O6smyuenua 4,9-1014 9B/cm®-cexk. MOJAp 
$ PTHOrO rasa 0,5, Temmepatypa 25°, o6sem amnynn 28 cm?. 1— posnyx| 
2—50% Ar, 3— 50% Ne, 4—50% He AY 


OJIWK , 
Be BbIPaxKeHHeM JIA accbeKTHBHOCTU HeyMpyrux coyyapeunii compo} 
IVHXCA SICKTPOHHBIMM MepexoyaMu C H3MeHeHHeM asHepruu AE Bepoat 


A, OPN. hs 
OCTb TAKHX Me pexOOB ONpeesAeTCA BeJIMUH HOU eye, YCJIOBH CM MaJIOH Be- 


JOATHOCTH STUX IIPOMWeCCOB ABJIACTCH HePaBeHCTBO 


a-AE 
Se sil, (2) 


We @ — KOHCTaHTa NlopsjlKa YTasoKMHeTHYeCKOrO pasuyca coyfapenun, AE — 
BMeHeHHe SHepruu, A — nocrosHHad [InaHKa, v — OTHOCHTebHaA CKOPOCTb 
DYapHAIOWLHXCA UYaCTHIL. 

B ra0u. 1 conocTaBjleHbI HCXOMHbIe JaHHble B JeBOH YaCTH HepaBeHCTBa 
2) WIA MHTepecyrolulux Hac cyuaes *. Pacuer noKasbiBaeT, TO 3pcpeKTHBHOCTb 
pavMOoflelctBua c Ar Ooubue, vem c Ne, He, kak 9To u MOyuaercs B ONBITE. 
DAHAKO JIA HOCIeELMHUX ABYX PaCCUMTAHHaA OTHOCHTeIbHAaA BPPeKTUBHOCTH OO- 
aTHa SKCNepHMeHTaJIbHOH. [[puunHa 9TOrO MOXET 3aKJIOUaTbCA B TOM, YTO pH 
jacueTe IIPHHATO, YTO OOpasyrollHecs 
OOXKUTEIbHbIE MOHbI MOAYHHAIOTCA Ta6Oauua 1 
#AKCBEJIJIOBCKOMY paciipefeseHvio u 
MelOT CpeqHHe Ta3OKHHETHYECKHe CKO- 
jocru. B jlelicTBuTeIbHOCTH B yCJOBH- 
(X OOJIYYCHHA CKOPOCTH HOHOB MOryT 
(HAUHTEIbHO OTJIMYATbCA OT CpefHHx  [lorenynan 
eMOBLIX cKopocre. Hapazy c sTum,  “OHHSamHH, 9B [15,70 (21,482) 24,45 


Muyeprupiit ras Ar Ne He 


; f Paguyc a*, 

JOSMOMKHO, MPH NepesapAke C Ne ; cm -108 3 69 3.17 eye 
iOpasoBaHve BO30y2KJCHHbIX HOHOB AE, 3B 0,124] 5,906} 8,874 
Bota (NZ). B stom cayyae nouly- v, M/CeK 391} 550 | 1235 

| hE aE : 7 

eTca — =693, Tak Kak B 3TOM IIpo- hv ore 1650 | 1025 
hecce AE = 2,486 28 BMecTo 5,906 98. —— 

lmeqyeT yKa3aTb, TO 3ppeKTHBHOCTb "Haat @ TIpHHATO cpeaHee “SHadenue 


Pa3OKHHETHUECKHX pasHycOB aTOMOB Ovla- 


OHHSaUMH §=TaK2Ke BOSpaCTaeT B PANY  roponnprx ra30B H MOJIeKyJIbI a30Ta. 


fe<Ne<Ar. I[lostomy pa3nnunA B 
PucnOusMsupyioulem jelicTBHH 9THX ra3s0B MOryT ObITb Tak%Ke CBASaHbI UC 
THM OOCTOATCJIbCTBOM. 

| Kak BuyHO Ha rpacbukax, CKOpOCTb peaKUMH Np 3aMeHe YaCTH a30TOKHC- 
lOpOqHOH CMech MHeEPTHbIMH ra3aMH MeHbIIe, YEM B CJLyuae YMCTOM CMeCH, 4TO 
JOYCJIOBMEHO OTUACTH TEM, UTO CKOPOCTb peaKUMH MPONOPWHOHabHa Naplu- 
bHOMY JlaBJICHHIO KHCJOpOa, KOTOPOe YMeHbIUaeTCA B CMeCHX C HHEPTHbIMH 
f3amu. Kpome Toro, 3TO yMeHbINeHHe OMpeseiaeTca adcpeKTHBHOCTbIO Mpolecca 
jlepesapamKu (1). Hlonprraemca omeHHTb stdeKTHBHOCTb 9TOFO Mpowecca 1A 
jA3JIMUHbIX Ta30OB H3 KHHETHYCCKUX JaHHbIX. CoracHo paOote(!), B paccmarT- 
MBaeMbIX YCJIOBHAX 3ABMCHMOCTb CKOPOCTH peaKI[HH OT cocTaBa CMeCcH MO,- 
HACTCA ypaBHeHHI0: 


Ve KPy,: Po, 


ne P., H Po, — NapuMaJibuble WaBJeHHA a30Ta H KUCOposa; K — KOHCTaHTa 
Kopoctu peakuuu. Ilpumem, uTo BBeweHHe HHEPTHOFO fa3a SKBUBAJEHTHO 93(p- 
€KTHBHOMY YBeJIMYeCHH1O KOHIeHTpallNH HOHOB a30Ta, KOTOPOe NPONOpLMOHaJb- 
O NaplHaJIbHOMY JaBJIeCHHIO MHEPTHOrO raza. 

QdhekTuBHOCTb ipollecca MepesapAAKH OyeM XapakTePH30BaTb HEKOTOPBIM 
YMMapHbIM KosdppulneHtom £**. , 


| * Tina a30Ta MpHHAT moTeHiiMan wonMsaluu 15,576 9B M rasOoKMHeTHUeCKHi pamuyc 
75 A. 

** DacueT MeTOJOM CTalMOHAPHBIX KOHUeHTpalul OOpasylOulUXCA JOMOMHHTEIbHO B PesyJIb- 
Te MepesapaqKH KOHUeHTpAallHH MOHOB a30Ta, MOKa3bIBaeT, UTO OHA He 3aBHCHT OT JaBse- 
@ a30TA, CCIM YUHTHIBATb TOJIbKO NPOWecchl NOHH3AMH, NepesapAKH HW peKOMONHALMH HOHOB. 
papHenve (4) lMomyyaeTcd He3aBMCHMO OT Toro, KaKaA S/eMeHTapHasd peaklvA NHMUTHPyeT 
pomecc; 8, ecTecTB2HHO, YUHTHIBAeT PasMH4IHA B SpPPeKTHBHOCTH HOHH3ALHH Pa3sHbIX rasoB. 


att 


Torga mpH6un2xKeHHO: 


V ~ K (Py, + BPx) Po, (4)) 


rye Px— fapienve ONaroposHoro raza. 
PesymbraTbl pacueta Kos¢qulventa B u3 SKCIePHMEHTAJIbHbIX WaHHBIX IIPH-| 
BejleHbI B TaG. 2. IIpu pacuerax NPHHHMAJOCb, KaK 3TO ObWIO YCTAHOBJICHO B par 


Ta6auna 2 


OrTHomenue JaBMeHHA ASOTHO-KHCJOPOAHOH CMeCHu 
WJIM ag0Ta K aBMeHHIO HHEPTHOrO ra3a 
CMecb ra30B 


2:4 1:4 1:2 | 4.3 | 4:5 | 4:10 


No + O2-+ He, 1 atm 0,61 0,34 0,23 | 0,41 | 0,07 | 0,06 
No +Oz,+Ne, 1 am | 0,74 0,43 0.29 | 0,45 | 0,09 | 0,08 
No+O,+ Ar, 1 arm | 0,86 0,48 0:34 | 0,17 | 0,12 | 0,10 


Nz + HO + He, \40 atm] 0,73 0,65 0,63 0,61 | 0,59 | 0,58 | 
Gore ('), YTO «KOHCTaHTa» CKOPOCTH peakKUKM U3MEHAETCA Cl LAREHKEM, Culepy- 


OULMM OOpa3om:} 
7 | 
K=0V s, (5) 


rae a — KosppuunenT peKoMOuHallMu MOHOB, 7—Temnepatypa, P—aBJeHnne,, 
b — KosuunerxT, 3aBHCAUIMH OT CBOHCTB ra30B H NapaMeTpOB H3JlyueHHA. 
Jia peakiwu a30Ta Cc BOOM Obl NpH- 
won{t00 36 HAT, COraCHO OMbITHbIM JaHHbIM, JIA, 
CKOpOCTH peaKUHH NepBbit NopsAOK NO; 
a3ory. 
Kak BHAHO U3 Tab. 2, xpPeKTHBHO ( 
ceyeHve nepesapAAKH JIA aproHa MO- 
*KeT ObITbh ONH3KO K efnHuue. C pa3-, 
O6aBJIeHHeEM A30TE O-KHCJIOPOMHOM CMECH - 
6NaropOAHbIM ra30M BesIM4dHHa B YMeHb-, 
maetTcA. STO MOKeT ObITh CBASAHO} 
C mpoleccoM peKOMOMHAWHH HOHOB, 
KOHKYPHPYICLIMM C MepesapAyKoH: 


=> > | 

X* + Oy > X + Or. (6). 

0 400 PDH Hebe B otcyTcTBue kKucnopofa BemuunHa B 

Aabnesue YMeHbWAaeTCA 3HAYHTEJIbHO cylaCee. : 

He uckmioueHo Take, TO MpHy 

te Cts ee 6oNbIIMX KOHUeHTpaluax OaropoxHOrO 

96 ¥ac., MaKCHManbHan WATeRCHEHCCTS we Taga 30 Ck TBEBOCTS Hep PAAR ye 

ayuenns 1,25-10!4 9/em8. cex. Cmech cocta- WaeTCH B pe3yJIbTaTe HeHTpalusallMny 
Ba: L— 80%Nz + 20% Os; 2—40% No+ €FO HOHOB Ha CTeHKaX cocy/a. 

a Mey shies: arene hs 10% OuepreTuyeckhh BbIXOL peaKkIMN’ B, 

+ 50% He: 526% Relies) Oey reas CMecHX C 6arOpomHbIMU TrasaMv HECKO- , 

JIbKO HH2Ke,YeM B OTCYTCTBHE NOCJIELHHX., 

SaBHCHMOCTb 3HEpreTHYeECKOrO BbIXOMa, 

AJA Pa3IMUYHBIX CMeCeH OT JaBJIeHHA aHa Ha puc. 4. Tlamenne Bbixofa Cc JaB- 

JIGHHEM OOYCJIOBJICHO B OCHOBHOM pekomOuHalneli MOHOB,H NOofLpoOxo paccmor-. 


{ 


MAQ—E~ 


Inepeemuvechuu bo1xod 
ba 


peHo B cTaTbax (?,%).% ‘ 
@usuko-xumuueckuli MHCTHTYT Nloctynuso 
uM. JI. 3. Kapmora 28 1959 


LWHMTMPOBAHHAA JIATEPATYPA 


We T, Amutpues, C. A. TmexenKkuit, COopx. Dlefictane nonn3supyounx 
et ae Ha ReQp na HMRI opraHbueckne cxctembl, M37. AH CCCP, 1958, ctp. 145, 171. 
.T. AMurpues, KX, 32, 2418 (1958). 3M. T. LmMurpue Cy, Ask - 
*KenK Ui, )KOX, 33, 463 (1959). Por BPS Ah ie ea 
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Horaago Akagemunu nayr CCCP 
1959. Tom 127, Ni 2 


PHSHYECKAA XHMHA 


f. HW. KOBbILIEB 


BOSJEHCTBHE NOBEPXHOCTH AJICOPBEHTA HA CIIEKTP 
JIIOMHUHECHEHUHH HOHA YPAHWIA 


(IT pedcmaeaeno axademuxom A. H. Teperunoim 24 III 1959) 
L 


B nocuiequee BpeMaA OO/IbUIOe BHUMAHHe yJeAeTCH CNeKTpasJIbHOMy H3y4e- 
MIO KOMIVJI€KCHBIX COeMMHeEHHH HOHa ypaHuua ('~*). B antepatype yKa3biBa- 
MOCb Ha HCKJIIOUHTEJIbHO BbICOKYIO UYBCTBHTEJIbHOCTb €FO CMeKTPOB JIKOMMHEC- 
[eHUHH K H3MeHEHHAM OKPpy>KalouleH cpepbl (°,°). C Weblo BbIACHeHHA MIpH- 
OO[bI STOTO BO3MeHCTBUA B HacTOAMeH paOoTe mpoBeseHo H3yyeHHe H3MeHeEHHH 
“He€KTPOB JIKOMHHECIICHUMH HOHAa ypaHWia, HaXOAlleroca B COCTOAHUH acop6- 
{MM Ha MOBEPXHOCTH OKHCHbIX afcopOenToB. B padote I]Ba6a npu6nu2xKeHHO 
mipeweseHa TOJIbKO CNeKTPabHaA OOACTb NOTIOUWLEHHA HOHA ypaHHla B CO- 
cTOAHHM aCOpOWWH Ha OKHCH aJIOMHHHA (‘), HO CneKTp alcop6aTa oco6eHHO 
BaKYYMHbIX yCJIOBHAX He Hu3y4asica. B HacTosileH paOote chelaHa NombitKa 
MCNOJIL3OBaHHA CNeKTPa JIOMHHeCHeEHWHH KOOPAMHUPOBaHHOrO MOHAa C pe3KO 
BbIPaxKeCHHOH, XAPaKTeEPHOM AIA TaHHOrO COCTOAHUA KOMeOaTeJIbHOW CTPyKTy pou 
kmekTpa, B KaueCTBe CMeCKTPaJIbHOrO HHAMKATOpa U3MeHEHMIi, HCMbITbIBAeMbIX 
MouleKy JOH (HOHOM) npu aqcop6unn. Mccreqopanue MpelAcraBAeT TakxKe Mpak- 
ruuecKHH HMHTepec, Tak Kak B PAe OCaMOUHbIX NOPOA HOH ypaHHwla HaxOAUTCA 
Me€HHO B. alcopOupoBaHHOM COCTOAHHH (‘). 

B pa6ote mpuMeHsAJacb OObIMHaA MeTOAMKa MOJTYYCHHA CMeKTPOB JIOMMHEC- 
leHUMH pH magqenun Bos6yxaloulero cBeta (A = 3650 A) of namnp TIPK-4 
mod yriom B 45° K HampaBseHHio HaOmIOMeHHA. CneKTP JIOMHHECHeHUMH PerHcr- 
pupoBasica dotrorpapuyecku Ha doTonenKe «M30naHxpom» cnekTporpadom 
¢ OTHOCHTebHEIM OTBepcTHem | : 4 c Aucnepcuelt 150 A/mm B o6nactu 5000 A 
Mpv cnekTpambuoll wupuue menu 1,5 A. [pumensnacb Takxe cboros 1cKTPHYe- 
cKad peructpalua cnektpa Ha cnextporpade MCII-51 c npuctaskon @OIT-1. 
Ajcop6eHTbI MpeABapHTeIbHO MpPOKaJIMBasIMCb Ha BO3yxXe B TeYeHHE HeCKOJIb- 
MX 4acoB mpuH Temnepatype 650—700° C yo nomHOoro HCuYe3sHOBeHHA WIM pes- 
KOTO YMeHbIIeHHA COOCTBEHHOM JIOMMHECIeCHIMA C FosuyOOBaTbIM OTTCHKOM. 
ATCOpOWHA MpOBOMMacb B CTAaTHYeCCKHX YCJIOBHAX H3 BOJHIX PaCTBOPOB ypa- 
HIJIOBbIX COeH (HHTpaT, cylbiaT, KasIMHypaHnHscysbpaT) IPH H3MeHeHHH KOH- 
I[eHTPallMu pacTBopeHHoro BelllecTBa oT 107? yo 1074 Momb/a. SaTem oOpasell 
MPOMbIBaJICA JMCTHJIMPpOBaHHOH BOOM C Weblo yaJIeHHA AHHOHOB HCXOHOrO 
pacTBopa; OObeM BOJbI B eCATb pas MpeBbliual OObem pacTBopuTes. I lpompl- 
BaHHe BOAOM He MPHBOAMT K yameHuto ancopOata c noBepxHocTH. Kak u3BeCcTHO, 
PaHW0BaA COb XOPOLWIO pacTBOpHMa B Bose, OMHAKO MOceqHee OOCTOATEMb- 
TBO MOKa3bIBaeT, UTO HOH ypaHHla 3aKpelmieH Ha MOBepXHOCTH afcopbeHTa. 
[Ipu o6pa6orke amcop6aTa BMecTO BOAbI pacTBopom cole (Bi(NO;);) HaO.0- 
aeTCA THMMYHAaA JIA COCTOAHHA aCcOpOlMu peaKUMA HOHHOFO OOMeHA, B KOTO- 
pol MpovcxoquT BbITeCHeHHe HOHA ypaHHJia C MOBePXHOCTH ajcopOeHTa, Ha- 
mpuMep, KaTHoHoM B;*", B TO BpeMA Kak HOH Cu", CTOALLMH B ascopOlMOHHOM 
pay moce vona ypanuna (°), T. e€. cop6upyloumiica cna6ee, em non U,”, 
He yJlaiaeT mocuesqHero H3 MoBepxHOcTHOro cox. Hasmuune HOHHOOOMeEHHBIX 
peakiMi MOXKHO MpocseHTb MO HU3MeCHEHHIO OKPaCKH Hi JIOMHHECIeHIMA ay- 
cop6eHTa c aycop6aTom. Takum o0pa3om, CJlelyeT CUHTATb, 4YTO CHJIbl CBASH MeXK- 
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JY MOBePpXHOCTHIO HM aCOpOHpOBaHHbIM HOHOM ypaHWJla UMeIOT HOHHbIM XapaK 
Tep, KaK mpu agcopOunu Apyrux KaTuonos (1°11). Jina HaOmoseHuA CHeKTpOl) 
JIOMHHCCHCHILHH B BakyyMe IIpuH Temnepatypax 90° K usu 77° K ocOpasen no 
MelaJICa B PasOOPHbIli JOapOBCKHii Cocy, IpHcoeqHHeHHbI K BaKYyMHOH ycTa 
HopKe (10-*— 107° mm pr. cT.), H O6esraxKUBasICA OOBIUHO B TeyeHHe 5—6 yacol} 
npu Temnepatype 200° C, | 
Ha puc. | npexcTaBeHb CNeKTPbI JIOMHHECIeHUHM PHApaTHpOBaHHOrO HOHA 
ypaHuula, afcopOHpoBaHHOrO Ha CHJIMKareJle, MHKPONOPHCTOM cTeKJle, MpHro! 
TOBJICHHOM 110 MeTogy I pe6enttuKoBa H Mosuanoson (!*) *, aslomorevie, aslIoMo 
cusluKaree, KaTasu3aTope Iyapu, xpoMatorpaduyeckoH OyMare HM OKHCH Ma 
Hua mpH 90° K. Buguo, uTo no0KeHHe MAKCHMYMOB MOJIOC CHEKTPOB JKOMMHEC 
IeHIMH WOHA ypaHHJia Ha pa3JIHUHBI 

ajicopOeHTax He COBMayaeT C MOOKeHH 

€M HX HH B OAHOH M3 CepHH CNeEKTPOB BOTE 

g HbIX PaCTBOPOB ypaHHJIHUTpata. CBoecOpai 

3He, CNeKTPOB JIOMHHeCHeHWHA acopoar. 

HM MX OTMMUME OT CNe€KTPOB BOJHBIX pa 

TBOPOB He COYCJIOBJIGHO H3MCHEHHEM KO 

6 IlCHTpallHH JIOMMHECLUpYyKUeroO BeLLeCTB 

B NOBepXHocTHOM cuioe (1%). [JporpeBaHu 
B BakyyMe Jo 1EO—2E0° C morno npyBe 
CTH K OO6pas0BaHHlO Ha MOBePXHCCTH afl 
copOeHTa KpHCTaMYeCKON asbl, OHAaKt 
CNeKTPbI acCOpOupOBaHHOrO HOHA ypaHUul 
g OTNMUAIOTCA HE TOKO OT CNeEKTPOB pac! 

TBOPOB, HO H OT CMe€KTPOB KpHcTaJOrHy 

paTOB KaK YHCJIOM H TOJIOXKeHHEM MAKCH 

—1_____—___1__________1 _—_ yop novioc, Tak HM pacnpefeneHHeM HH 
(7000 19000 21000¢m"  -reyCHBHOCTH MexkIy HHMH. B cnexktTpa) 
Baal 4, Cleat pa Metamora en ajlcopOaTa He HaOuJIOaloTCA YaCTOTHI, IPH 
90°K ruspatnposannoro nona;a—(UO,. HACbIBaeMBIe OObINHO KOJIEOAaHHAM KPHCTAa} 
-2H,O)++ /cuauKaremb, (UO,-2H,O)++/ JIMYeCKOH PeLIeTKH ypaHHJIOBbIX coven. 
ree UCR \ecmneeutby Buy cnekTpa 3aBHCHT OT THNa BHIOpaH 
Reales ghee Ue Or eee HOrO ajicopOeHTa (puc. 1), uTo eme pai 
Maruust, @—(UOg-nH,0)**/xpomato- YKa3bIBAeT Ha BO3felicTBHe NOBEPXHOCTH) 
rpapuyeckaad Oymara H3MCHAIOULCH COCTOAHHE UOHA YypaHuJla4 

Kpome Toro, CHJbHOe BosyelicTBHe mo! 

BEPXHOCTb afcOp6eHTa OKa3bIBaeT Ha HHTCHCHBHOCTb JIIOMHHeCIeHUMH. Ycta 
HOBJICHO HaJIHUMe OUCHb CHJIbHOrO CBeEYeHHA HOHA ypaHhla axe npu 290° K4 
XOTA NOCeMHHH, KaK yKas3biBasl TOpfon, He JIOMMHECLMpyeT HH B pacTBope 
HH B KpHcTaJuie MpH Temnepatype Bie 163° K (1°). IIpu agcop6unn ua 6en4 
TOHHTe (OraHJIMHCKOFO MeCTOpOxKMeHHA) MH XpoMaTorpaduyeckoli Oymare mpi 
KOMHAaTHOM TeMMepatype JIOMMHECHeHIHA He HaOsuOamach. | 
CnekTpaJIbHble JaAHHBI€ B COBOKYNHOCTH C MPHBeAeCHHbIMH BHIIe JKCHeEPHMeH 
TAJIbHbIMH Pe3yJIbTaTaMH 0 BbIMbIBAHHIO HOHOB JjalOT BO3MOXKHOCTb clear 
sakJOUeHHe O HaJIMUHH aCOpOMpOBaHHOrO COCTOAHHA MOHA ypaHula Ha m0! 
BEPXHOCTH aCOpOeHTOB. 
CreKTPpbI JIOMMHECILEHILMH FUApaTHpOBaHHOrO HOHA ypaHua B aycopOupoBaH: 
HOM COCTOAHHM Ha MUKPONOpHcToM cTekue ** npn 290° K pesko otsmnuatoTcs! 
UT CI€KTPOB KPHCcTasorus~paToB (°), BOAHBIX PacTBOpOB ypaHuaHUTpata (1%)! 
a TaK2Ke YpaHHJIOBbIX CTeKOU (14) u rugpooknucen ('°). Bo-nepBprx, HHTeEHCHBHOCT! 
CBCUeCHHA alcopOaTa 3HaAYHTeJIbHO BO3PacTaeT NO CPpaBHEHHIO C HMHTCHCHBHOCTHK! 
CBeYeHHA pacTBOpa MH HaOJIOJaeTCA Mepepacnpesenenne HHTCHCHBHOCTH Mey 


* Tlomb3yACb ClyuaeM, ABTOP BbIPaKaeT HCKJIOUHTEIbHYIO MPHsHaTebHOCTh O. C. Momua 
HOBOH 3a WOOeSHOe MPHTOTOBeHHe OOPasllOB MHKPONOPHCTOrO cTeKsa. 

** Bee cka3aHHOoe HWKE CIpaBeAIMBO UM AA alcopOupoBaHHoro COCcTOAHUA Mona ypannaé 
Ha CHIMKarese, aioMorese H aJIOMOCHIHKareve. 
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J€bHbDIMH MOJIOCaMH; BO-BTOPbIX, H8Me€HACTCA YHCJIO, NoOKeHHe HU cbopMa 
vOovlee HHTCHCHBHBIX Noyloc. EciM B ChekTpe rekcaruypata ypaHuHUTpata 
Mero pacTBopa B Bose COBIUHO HaOsIOaeTCA OT MATH JO WecTH Han6osee UH- 
HCHBHbIX NOJIOC C MOJOHRKeEHHEM MAKCHMYMOB pH 20575, 19710, 18840, 17975, 
110 cm~', TO B cNeKTpe JIOMHHeCHeHWMH HOHA ypaHysa (UO,-nH,O)"* B ag- 
pOupoBaHHOM COCTOAHHH Ha MOPHCTOM cTeKJIe HaGOMaeTCA TOMbKO TPH M0- 
MCh C MOMORKeHHEM MakcuMyMoB 20080, 19240, 18420 cm~!. VMutrencusyoctp 
eueHHA BOSPacTaeT PH NOHHKEHHH Temnepatypbi No 90° K, oxHako pH 3TOM, 
OTMHYNE OT KPHCTAVIOB, He NOABJIAeCTCA CTPpyKTYPpa MONOC, H OHM CyKaloTca 
PsHAUMTeIbHO. Orciogla culelyeT, YTO Pa3MbITOCTh MOMOC CNeKTpa JIOMHHEC- 
HILMH OGOYCJOBIeHa B3aHMOJeCHCTBHEM HOHA C TMOBePXHOCTbIO aycop6euTa. 
OHHKeHHe TEMMepaTYPbI BbISbIBAeT CMeIILeHHE 
ero cheKTpa B HampaBJIeHHH MeHbIUHX MINH 
JIH, H MaKCHMYyMbI HaOJogaioTca npu 20160, 
340, 18500 cm-?. 

Tlomocbi cnekTpa JIOMMHeCcIeHIMH alcop6u- 
BaHHoro woHa (UO,-nH.O)** capunythi Ha 
)—80 cm1 B_ KOPOTKOBOJIHOBYIO O61aCTb 
€KTpa OTHOCHTeJIbHO M@KCHMYMOB MOJIOC BTO- 
HM cepHH ObicTpO 3aMOpoxKeHHOrO pacTBOpa 
DaHWJIHUTpata B Bose (1°). Tak Kak Ha6s10Jae- 
ol HaMH CIe€KTp aflcopOatTa myulle Bcero COOT- 
TCTBY€T OJHOH H3 cepHi momoc cnektTpa 
O,(NOs).-2H.O (°), To ero, ecTecTBeHHO, 
eyeT IpHMucaTb JIOMUHECHeHILMH HOHa UO,**, 
elollerO B KOOPAHHAWMOHHON chepe ABe MO- 
2KYJIbI BOJIbI. 

 ¥ o6pa3ua, noMelleHHOrO B BaKyyM H MO]-’ 
prHytoro oOesraxkuBaHHIo B TeyeHHe 2—5d 


coB mpu Temnepatype 150—200° C, ymeub- 
aeTCH HHTeCHCHBHOCTb CBeYeHHA MO BCeMY 
eKTpy Cc Oouee CHJIbHbIM H3MCHEHHEM HHTECH- 
BHOCTH KOPOTKOBOJHOBOM Nowoch. Bee movio- 
I CNeKTpa JIOMHHECIICHUMH Mp 3TOM elle 
Jlee CHJIbHO pa3MpiBaioTca. JlanbHekiee 06€3- 
2*KUBaHHe B TeyeHHe 15 uacoB HU Gomee OYCHb 
HJIbHO YMCHbIWaeT MHTCHCHBHOCTb CBeYeHHA, 
OJIHOCT BIO ucuegaeT CTpyKTypa cnekTpa, pH 
OM MaKCHMyM UHHTeCHCHBHOCTH CMellaeTcA B 
ee asuosi cropony (18300 cm7!). Cnextp 


17000 


ae 
yeas 

SNS 
AR | 


19000 200 


Puc. 2. Cnextppl sIOMMHECHeCH- 
uuu mpu 77°K: a— feruspatu- 
poBaHHOTO HOHa ypaHHsia B CO- 
CTOAHHH ajiccpO6uHH Ha MMKpo- 
NOpucTom ctekse; 6 — Ge3BOJHO- 
ro ypaHusHUtTpata; 6— NOcJe BO3- 
hekCTBUA Ha JerHypaTHpOBaHHbl 
HOH ypaHusa BCOCTOAHHH afcopo- 
UHH NapoB Bogbl, e— NCCce BO3- 
neictBua wa nero rasa NOs; 
0—kommsekcHoro cceMHeHHA 
UOs(NOs)2-2NOo4 


i ae IUMPpOKYy!O ACHMMETPHUHY!IO NOO- 
. IpogomxuTembHoe o6e3raxkuBaHHe B TeYeHHe 
15 que 6e3 HarpeBaHHA NPHBOANT K aHaJIOTHYHOMY H3MCHEHHIO CIeKTpa JII0- 
HECILCHILHH. CyleqOBaTeJIbHO, IpeoOpas0BaHve CTPYKTYPHOIO cCneKTpa JIOMUHe- 
[CHILHH B OecCTPYKTYPHbIM OOYCJIOBJICGHO H8MCHEHHEM CTeNeHH ruApatallun Houa 
DaHHwia. ONMCaHHbIle BHIIWe HSMCHEHHA CNeKTpa OOpaTHMbI — BO3eHCTBKE MapoB 
Abi Ha cuctemy UO,"* —mukponopnctoe cTeKJI0 HaOsOaeTCA YeEpe3 HECKOJbKO 
ACOB NOCJIe UX BbINyCKa H NPHBOJHT K NOABJIEHHIO YTPayeHHOH NpH o6e3sraxkuBa- 
AM CTPyKTypb!l chektTpa. Ha puc. 2 6 npeyscTaBseH CNeKTP JIKOMHHECIeCHLHH 
oCNIe BOSACHCTBUA Ha JlerHApaTHPpOBaHHbIN HOH NapoB Bol. Kak BUHO H3 
ACYHKa, CM€KTP H3 WHPOKOM ACHMMCTPHYHOH NOOCHI NepexOLUT B NepBOHAYaIIb- 
IH C Tpe€MA OTYETJIHMBO BbIPaxKeHHBIMH MakcuMyMaMnH. JlelicTBue rasa NO, 
{aJIOrH4YHO BO3eHCTBUIO NapoB H,O, ofHako pH YTOM HaGuoWaetTca cmelleHHe 
‘erO CMe€KTPa C H€3HaUHTeJIbHbIM H3MCHEHHEM PaccTOAHHH Mexy NoOcaMH. 
AaKUM OOPa30M, MOXKHO CeslaTb 3aKJIIOUCHHE O TOM, YTO B COCTOAHHH afcopo- 
1M HOH ypaHWia cnoccOeH KOOPAMHHPOBAaTh Pa3sJIMUHbIe MOJICKYJIbI, IPH STOM 
1ONIOMaeTCH H3MEHEHHE YJEKTPOHHOFO Nepexofla C H€3HAYHTeJIbHbIMH H3MeHe- 
AAMM YaCTOTbI NOJIHOCHMMeTPHUHOLO KONeOaHHA HOHAa ypaHnuia. Jia cpaBHe- 


375 


HHA Ha PHCyHKe MpHBeseH CHeKTP JIOMHHECILCHIMUN KOMMIeKCHOTO CoeqMHeHH 
UO,.(NO3;).:2NO, u 6esBoqHOrO ypaHMJIHHTpata. 

PesybTaTbl HacTosUlel paOoTbl MOKa3bIBAaIOT, UTO CTPYKTYPHbIM CneKT 
JIOMVHECLCHLMH MOABJIAeCTCA MpH KOOPAHHAWMH WHOHaA ypaHWla, KaK yKa3aH 
pauee ('°), | 

CnekTp JIOMHMHeECHEHILMH HOHa ypaHHJia Mpu afcopOlMu Ha IWLeOUHOM aj 
copOenTte (B KayecTBe KoTOporo B3aAT MgO) uMeeT HHOe MOO*KeHHeE NoONOC Ni) 
CpaBHeHHio Cc KHCOTHbIMM. MakcuMyMbI moloc pacnouoxenbt np 2060( 
19800, 19000, 18180 cm?! u cMelleHbI B CTOPOHY MeHbIUMX JJIMH BOJIH OTHC| 
CHTeJIbHO HX MO/IO%KeHHA BCMeKTPaX KPHCTaJVIOB MU pacTBOpoB. B COCTOAHHM a]| 
COpOlWHH Ha BCeX THMax acopOeHTOB HaOMOMaeTCA MOHMKEHHE YACTOTH! MOJIHC 
CHMMeTPpHUHOFO KOMeOaHHA MO CpaBHeHHIO C ee 3HaYeHHEM B KPHCTaJWwax H pact 
TBOpax. ; 
Pa6ota npoBeyeHa No, HenocpeACTBCHHBIM PyKOBOZCTBOM aka. A. H. Te} 
peHHHa, KOTOPOMYy aBTOp BbIpaxkaeT ryOoky10 OularofapHOCTbh 3a Mmpelvioxer} 
HylO TeMy, MOBCeAHEBHY!O MOMOLLb H IeHHbIe COBETHI. 


JleHuHrpaycKHit rocyapcTBeHHbIH YHHBepCHTeT Tloctynuao 
um. A. A. )KaaHosa 24 III 1959 
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Hokaaye Akagemun nayrx CCCP 
1959. Tom 127, Ne 2 


PHZSHYTECKAA XHMHfl 


* Ul. M. KOFAH u B. B. CAHJOMHPCKHK 


_ K 3JIEKTPOHHOHM TEOPHH XE MOCOPBILMM HA PEAJIbHOM 
MOBEPXHOCTH flOJIYNMPOBOQHUKA 


(I]pedcmaeaexno axademuxom B. H. Cnuyoinoim 16 III 1959) 


K HacTOAUleMy BPeMeHH HaKONMJICA pA, SKCNEPHMeHTAIbHBIX NaHHbIX 0 
AHMIO alCOpOWWH Ha SJICKTPOHHBIE XapakTePHCTHKH MOJyMPpOBOAHUKOB, 
TOPbIe MOSBOJAIOT YTOUHUTH HallH MpescTaBeHHA O XeMOCOPOLLHH Ha MOsy- 
oponuukax. IIpexye Bcero ciola OTHOCATCA H3MePeHHA H3MeCHEHMA PAaOOTHI BbI- 
a mpu afcopoOunn (1%) uw usmMepeHua addexta nos (+). 
MoxkHo BbIeIHTb CueMyIollHe SKCMePpHMeHTAaJIbHbie 3AKOHOMePHOCTH: 
1. Uamepsempre 3anojiHeHuad NMOBepXHOCTH afcOpOupoBaHHbIMUM MOVIeKyvla- 
, IIpH KOTOPbIX HauHHaIOT HaOJIOAATbCA 3aAMETHbIC H3MCHEHHA PAaOOTHI BHIXOMa 
RT pu T = 300° K), o6braHo Bae ~10!* cm-?. 

2. SaBMCHMOCTb H3MeHeHHA PaOOTH! BbIXOJa OT 3aNOJIHCHHA OObIUHO ABUJIAeTCA 
iHeHHOH M MHOra morapudmuyeckon (*). 

3. MakcuMaJIbHble H3MCHCHHA paOOTbI BbIXONa MPH aNcopOUHH pa3IMUHbIX 
BOB Ha pa3/IMUHBIX MOJYMPOBOAHUKaXx OOBIMHO cocTaBsnioT ~0,3 9B (12 kT 
mu T = 300° Kk). 
Tlepetaem xk o6cyxeHHIO 3THX 3SKCMCPHMeCHTAJIbHBIX 3aKOHOMepHOcTeH. 
J€M CUUTATb, YTO BCe H3MeHEHHE PaOOTH! BbIXOJa CBAZAHO C 3apAX%KeHHEM M0- 
XHOCTH IIpH afCOpOWHH HM MpOMCTeKalOulUM OT 9TOFO H3rHOOM 9HEpreTHyecKHX 
H Ha noBepxHocTu. IlocmeqHIol0 BeJIHYMHY BbIPasHM B equHHLAaX kT u O603Ha- 
M uepe3 uw. JlerKO NOKa3aTb, 4TO BEIHUHHA 3apAya NOBEPXHOCTH (B eAHHHWLAaX 
DAjla XIEKTPOHAa), MPH KOTOPOH H3MeHeHHe PaOoThI BbIXOJa WOCTHIaeT H3Me- 
oro 3HayeHHA (U1), cocTaBlaeT c~10° — 10'° cm~?. BarancuieHne 3sapaga 
B€PXHOCTH, MPH KOTOPOM H3rH6 30H cocTaBuAeT 0,3 9B, WaeT o~ 10 cm~?, 
KUM OOpa30M, MbI BUM, YTO KOHIeHTpalluA acopOuHpoBaHHblx yacTuy (N), 
KOTOPOH H3MeHeHHe paOOTbI BbIXOa JOCTHraeT 3aMeTHOrO M3MeHeHHA, Ha 
+3 MOpALKa MpeBbllllaeT COOTBETCTBYIOMIHH 3apsay, NOBeEPXHOCTH. 
|CorjacHo 3/IeKTPOHHOM TeOpHH afcopOuHH xeMocopOupoOBaHHble MOWeKYVIbI 
TyYT HaXOJMTbCA Kak B HeHTPaJIbHOM COCTOAHHH («c1a6an» CBA3b), TAK HU B 
)AXKCHHOM COCTOAHHH («mpouHasd» cBA3b) (°) *. YoOHO BBecTH CJleqyroulHe 
h ompezenenun. ByeM Ha3bIBaTb «Hea/IH3HpOBaHHOl» TakylO MOBepx- 
tTb, BC@ 9JIEKTPOHHbIe MOBePXHOCTHBI€ COCTOAHHA KOTOPOH OOYyCJIOBJeHbI 
ropOuvelt paccMaTpHBaemoro ra3a. MmMenHo 9TOT culyyaH paccMaTpuBasica 
YHO B 9JIEKTPOHHOM Teopuu xemocop6unH (°,’). ByqeM Ha3bIBaTb «peasIbHOl» 
BEPXHOCTb, Ha KOTOPOH HMeeTCA OOMbUIOe YHCMO COCTOAHHM, He CBASAHHbIX 
VIcopO6uneH MaHHoro raza («HeaCcOpOWHOHHble» COCTOAHHA). 
_Bo3MoxXHbI ABe’ HHTepmpeTalluH yKa3aHHOoro (pakKTa pe3sKOrO HeCOBMayeHHA 
IOJIHCHHA. Hi 3apAyja MOBepXHOCTH. 
(1. Tlopepxuocth, «HJeamu3upopaHHasd». Tombko O4eHb HeOO/IbUIad YaCcTb 
fOPOMPOBaHHbIX MOVIeKyJI 3apsxKeHa (<1%). HaOmozaemple u3MeHeHHA 9.1eK- 
DIPOBOMHOCTH HM paOoTbl BbIXOa OOYCJIOBJEHbI 3apAXCHHbIMH MOJIeKyJaMH. 
Il. Tlopepxuoctb «peamtbHan». Tlouru pce acopOM“poBaHHble MOVJIeKYJIbI MO- 
> ObITh 3apAxKeHbI. CooTBeTCTBYIOWHH 3apA], MOUTH MOMHOCTbIO KOMIICHCH- 


| * Bo3mMoxKHOCTb TpexX THTOB CBx3H (°) MbI 3}eCb He PacCMaTpHBaeM. 
iZaxas 1810 377 
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pyeTCs H3MCHCHHeEM 3apsijla B HeaCOPOMHOHHbIX MOBEPXHOCTHBIX COCTOAHHA 
TaK UYTO pe3YJIbTHpPyloulee U3MeHeHMe 3apAayla MOBepxXHOcTH (H 3arn6a 30, 
OTHOCHTEJIbHO HeBEJIHKO. 

PaccmoTpum uuTepnperanmo I, npHuem LA ompeseieHHocTH OyleM HMe 
B BUY alcopOmuio akuentopHoro rasa. JlonA 3apA2xKeHHbIX aJiCcopOMpOBaHHE 
MONeKYJI Mada JIMIUb B TOM cyly¥ae, ECM UX YPOBEHb HAXOAUTCA BbILe YPOB 
@epmu. Bovwee Toro, YYHTbIBAad NepBylO W3 OTMCYCHHbIX SKCIMePHNMCHTAJIbHE 
3aKOHOMepHOCTe, STO JJOJKHO HMeTb MeCTO C CaMoro Hauada afcopOunu. Taky 
o6pa30M, ocTaBaich B paMKaX MOJe/IH «HleaJIH3HPpOBaHHOH» MOBePpXHOCT, 
HaIe@KUT ClelaTb BbIBOA, YTO YPOBHH aCOPOMPOBaHHbIX YaCTHY BCerfa Jew 
BbIWe ypoBHA Depmu (a y MOHOPHHIX MOJIeKyJ Bcerfa HHKe yYPOBHA @MepmM 
jlaxke B Hauaule ayicopOunu HW npH W060 OOpaboTKe NoBepxHocTH. Takoe coBn 
JleHHe MaJIOBepOATHO, a eFoO JoMyileHve BeCbMa ucKyccTBeHHO. Jlanee, Mose 
(HeasIH3HpOBaHHOM» MOBeEpXHOCTH IIPHBOAUT K (aKTHYeCKOMY OTKa3y OT PA, 
9JICKTPOHHBIX TpelcTaBJIeHHH B KaTaJiH3e. 

TakuM 06pa30M, MOJeJib (UeaM3HPpOBaHHOM» MOBepXHOCTH He MOET OObHA 
HUTb BCIO COBOKYMHOCTb 9KCMePUMCHTAJbHBIX JAHHBIX, HW 9TO 3acTaBJAeT Nepen’ 
K aHaJlH3y CBOLCTB peaslbHOH noBepxHocTH. HexoTopble 43 HUX OblIM yxKe pa 
CMOTPeHbI paHee. 

IlnoTHOcTb 3apayqa B HeasCOpOWMOHHBIX COCTOAHMAX PaBHa: 


r= SiHin(t4 er9| gee 


— Nad) --exp rae expu), ( 


rae Np,, Na: « Ep:, Ea; — KOHUeHTpallnu wW BHEpreTHYecKHe /POBHH OHO 
HbIX VW aKIeNTOPHbIX COCTOAHHM COOTBeTCTECHHO; F — ypoBeHb (epMy B OOBeN 
NoJIyMpoOBOAHNKa. 

Y paBHeHHe SJICKTPOHEHTpaIbHOCTH KpHCTawia MMeeT BUT 


oc—N +R=0, (2 


rye N~—KoulenTpallud sapm@KeHHEIX afcopOupoBaHHbIxX MoseKya; R- 
OObeEMHBIN 3apAy, IPHXOMLAMMUCA Ha eMHUMILY NoBepxHocTH. Orcioga mosyyae 


du/dN” =(S+ dR/ du)", (e 
rye 


eee reneyiag pen sh hag PB; -2 
$= FE = BNiexp [prt J exp tu (1 + exp[ Fe“ Jexp tal) . 4 


Snecb N; u E;—kKonlenTpall\“u uM ypOBHH 29HeEpruu MOBepXHOCTHBIX COCTOAHU 

H€3aBHCHMO OT TOTO, akIeNTOpHble OHM UM WOHOpHbIe. Cormacno (3) u u3Me 

HaeTCH Ha 1, KOrga YHCJIO 3apsxKeHHBIX MOeKy H3MeHAeTCA Ha ~ [S (uy) 4 

+ (dR/du),,], THE Uy— HatasbHoe 3HayeHHe u. “— 
MoxkHO TloKa3aTb, YTO 


(dR / du), 9 = % = ekT / 4nq?L. (5 


Siech & — KuaeKTpuyeckan TipoHMiaemocrh; L— qMHa skpaHupoBaHUA; g— 
aOcOJIOTHAA BeJIMGNHA 3apsyla avlekTpoHa. IIpu e= 10, L = 10-4 — 10° ew 
T = 300°K a= 10° — 10! cm, CnrenopatembHo, Ha «ujlea M3 poBanHoli 
NOBE pXHOCTH (S =0, u=0) pa6ora srrxoxa RomKHa 3aMeTHO MeHATECA y2K 
npa Nv = 10° — 10° cm’. Ecum 2xe KOHIeHTpallua HealcopOiMOHHbIx cocTos 
HM Ha peaJIbHOH MOBePXHOCTH BeIMKa, Tak uTO S(u,) Sa, TO sapmKeHH 
NOBCPXHOCTH CTAHET 3aAMETHBIM JIMUIb pH Topa3qo OombmuUX 3anomHeHMAX 
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JA OWeHKH BOSMO*KHOU BeIMUMHE! S Tpeqnoorx*KUM Mmpocreliwiy!o Moses. 
-preruyueckoro CiekTpa mopepxuocru. Ilycrb nowHoe ucs0 Heajjcop6upoBaH- 
x cocTonHult Ns pacipeyeneHo paBHOMepHO M MlaBHO MO WiMpHHe 3arpe- 
HHOM 30HbI Eg, MW yCTb ypoBeHb WepmMa Ha MOBepXHOCTH pacnoO%*KeH 
KpaeB 3allpeujeHHOH 3OHbI Ha pacCTOAHHAX, OoJbuIMxX NO cpaBHenuio c kT. 
iMcbiBat (4) B Bue HHTerpawa u nomaraa Ns = 1015 cm, Eg 2—3 3z, 
gem S = NskT/Eg~ 10% cm?. MoxHo mokasaTb, 4TO pH pasyMHbIx 
WeHHAX UU BemMuMHa dR/du we Oombile sToro 3Hayenua S. [lostomy B 
CMaTPUBaeMOH Moles 3aMeTHBIe H3MeHeHMA paOorbl BHIXOJa JOJPKHbI UMeTb 


TO JMWb npH N ~ 10% em, uro cormacyerca c OMbITOM. 
Ilpounterpupyem ypaBuenue (3) pu S = NskT / Eg >> dR/ du. Monyyaem 


- SAU SNS : (6) 


€. JIMHeHHY!O SaBHCHMOCTh H3MeHeHUA paOOTb BbIXOa OT 3allOJIHeHUA, 
jtoaeMyto Ha onbiTe. Mcnom3ya 9KcNepMMeHTaJIbHbIe JaHHble, MOJYIeHHIe 
3), MOXKHO OMe€HHTb C Momoubio (6) BemuunHy S. THomyyaetcn S10! — 
101° cm”, coorpercTtseHHo Ns = 102 — 1045 cm? *, 
TakuM 0O6pa30M, C MOMOLLbIO MOJeH PeaIbHOM MOBeEPXHOCTH MOXKHO OObAC- 
[b HEKOTOPbI€ 34KOHOMEPHOCTH, HaGsOJ.aeMble Ha OMIbITE. 
3 HaLWeM PaCCMOTPeHHH He YYHTHIBAJIOCb HaJIHYHA BO3MOXKHOPLO AMMOJIbHOrO MO- 
iTa y HEHTPaJIbHbIX MOJIe€KYJI H COOTBETCTBYIONLEFO BKaa B U3MeHeHHe pasorbi 
xofa. B noup3sy sToro MpeHeOpexkeHHA FOBOPAT CeMyIOUlHNe IKCMHEPUMEHT AI b- 
e dakThl: 1) B caryuae Ge n3MeHeHua u (*) TAKOrO Ke NOPADKA, Kak HB adcpexTe 
Id; 2) HaOwOaeTcA NOrapudMuyeckan 3aBucuMocTb Au oT N: 3) BesHUMHbI 
MaJibl axKe IPH 3aNOJIHeEHHAX NOpAyKa MOHOCION; 4) HaONOMaIOTCA OTKJIO- 
1M OT JISHTMIOPOBCKHX 3aKOHOMePHOCTeH axe MPH MaJIbIX 3aNOJIHCHHAX. 
yeT, OJHAKO, MPHSHATb, YTO STH APFyMeHTb! He pelaloT BOMpoca OHO- 
1UHO. 
ABTOpbI BbIpaxKaloT OJlarosapHocTb wi.-Kopp. AH CCCP C. 3. PoruncKkomy 
OKTOpy PHSHKO-MaTeMaTHYeCKUX Hayk M. M. BonbkenwiteHuy, a TakKxKe BCeM 
ICTHHKaM CeMHHapa JlaOopatopuu katasu3sa VMactutyta dusnueckoH XHMHH 
CCCP 3a oOcyxjleHHe pe3yibTaTOB paOorTHl. 


MockospeKuli rocyfapcTBeHHbIM YHHBepCHTeT Ilocrynua0: 
um. M, B. Jlomonocopa LOMTT A959 


Muctutyr dusuyeckoh XuMHn 
Axajemun HaykK CCCP 


WHMTHPOBAHHAA JIMTEPATYPA 


Went. Bi at ain Jeu iB acrde.e n,) Bell’Systatechn: J23°32) 1'(1953). 2B, 
men Ko, 1M. Mo €Crenko, Msp. AH'CCCP; cep: bus, 165211 (1952); Bae Jiea- 
HKO, JloKTopcKas Aucceprauua, Mncr. busuku AH YCCP, Kues, 1958. * 9. X. E uu- 
B, Jl. A. Maproane, C. 3. Poruuckulh, JAH, 124, 606(1959). * P. H an- 
r, Semiconductor Surface Physics, Univ. Pennsylvania Press, 23,1957. ° ®. ®. Bo ab- 
mTewu, Yen. dus. way, 50, 253 (1953). ° ®. © BombkeumTeu un, C. 3. 
rHuHCKUH, )KOX, 29, 458 (1955). 7B. B. CangzomupcexKkuit, Ass, AH CCCP, 
He., 10, 211 (1957). 


* OObacnenve orapud muueckoli 3anucumoctTu Aw of 3anomHeHuaA He Mpenctaplaet 60b~ 
) WHTepeca. DyHKuHH Rk 4 OB ypaBHeHHA (2) 3apacaT PakTHUeCKH He OT UW, a OT eXP UW, NO9TO- 
orapudMuyecKyi0 3aBMCHMOCTE MOMKHO MOULYYHTh MPH PasJIM4HbIX MPeANOMOMRKeHHAX. 
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Jlokxsagn Akayemuu nwayrk CCCP 
4959. Tom 127, Ne 2 


PH3HYECKAA XHMH} 


B. A. MAJIBM u A. O. KbIPTECAAP 


K BOMPOCY O MEXAHH3ME PEAKIMM ME)K]Y CILMAPTAMH 
HW FAJIOTEHBOJOPOAHbBIMH KHCJIOTAMU 


(ITpedcmaeaeno axademuxom B. H. Kondpamoeevim 5 III 1959) 


‘KuneTuka H MeXaHH3M peakIHH Mex ]y allupaTHyecKuMu CnApTaMu rad! 
TEHBOJOPOAHbIMH KHCJIOTAMH, mporekarollen Mo CxeMe 


ROH ++ HHal > R — Hal + H,0 


UCCIEMOBaJIHCb PAAOM aBTopoB. B HekoTopbix paOotax ('~%) peakuusa (1) pi 
CMaTPHBaeTCA, KaK OMMOJIeKyJIApHOe HYKJeOPHIbHOe 3aMellleHHe. XMHUIE 
By (*) u Apyrue (°) mpnwep2xuBaloTCA TOUKH 8peHHA, UTO CKOPOCTb peak 
JMMUTUPYyeTCA CKOPOCTHIO pacnajla MOHHbIX nap ROH,* - Hal ~. 
He uckJ04eHa TAK2KE BO3MOXHOCTH, YTO CKOPOCTh peakiHH (1) HMUTHpyt 
CA MOHOMOJICKYJIAPHBIM PacialOM aJIKOKCOHHHM-HOHOB, C MocJeAyIOULMM Mapé) 
JIGMbHBIM OOpasoBaHuem R — Hal un R —O — R 3a cuer peakuuu KapOoHt 
HOHOB, MOY4alOWMXCA H3 aJIKOKCOHHM-HOHOB MPH OTILeMJeHHH BOLbI, C HOF 
mu Hal~ u MoueKyaMH CNUpTa COOTBETCTBEHHO. 
CneqopaTesIbHO, Mpo6seMa O MexaHH3Me peakiHH (1) He MoxeT CuUNTATE] 
“‘peleHHOH OKOHUATEIbHO. 
Hamu Oblia uccieqOBaHa KHHETHKA PeaKIMH XAOPHPOBaHHA 3TAHOMA B é 
«COJIOTHOM 9TaHOJIe H ABYX STAHOJIO-BOJHBIX CMeCAX, B TEMMepaTyPHOM HHTept! 
ne 100—140°. Peaxuna nposogusacb B 3alanHHbix amnywiax. IIpH ucxogH: 
'KOHMWeHTpannax HCl Beue 0,1 Momb/a1 3a XOJOM peakIMH CeANIM MyTeM OTTI 
/POBbIBaHHA OcTaBuieroca HCl no Monprapzy. IIpu Manpix KonWeHTpauuax H 
“CKOPOCTh PeaKIMM OMpeseAIach MyYTeEM H3MePeHHA H3MeHEHHH 3eKTpONt 
‘BOMHOCTH BO BpeMeHH B aMMNyJie C BNaAHHbIMM 93eKTpogzamu. IIpu aT, 
‘BBOLHIHCh MOMpaBKH Ha 3aBHCHMOCTb 9JIEKTPONPOBOAHOCTH OT KOHILEHT| 
unaH HCI. | 
B ra61. | npuBexeHbt moyueHHble HAMM 3HaveHHA HaGVIOaeMbIx MOHO} 
JIEKYAPHbIX KOHCTAHT f°, CKOPOCTH peaKUHH MPH HCXOMH‘IX KOHIWeHTPaly 
HCl, Oonmpuux 0,1 Monb/n. Jina onsitoB B a6COMIOTHOM Z9TaHOIe KOHCTAaH 
BbIYHCeHbI MO HavaJIbHbIM yYaCTKaM KHHETHYeCKHX KPHBbIX MO opMyue: 


Pepe 1 Sie FL 
US erative fees 


B cuyuae 9TaHOJIO-BOJHBIX CMeceit 3HaueHHA hy BBIYMCAANHCh NO BCeM TI 
‘aM Ha KMHETHYCCKOM KPMBOM MO MOHOMOJICKYJAPHOMY 3aKOHY, C ycpeqHeHE 
pe3yJbTata. 

B Ta61. 2 BO BTOPOM cTONOMe, MPHBeLeHbI 3HAaYeCHHA KOHCTAHT cCKOpocThH 
10 JaHHbIM H3MePeHHA 3/ICEKTPOMPOBOHOCTH MPH MaJIbIX HCXOQHbIX KOHILCHT 
unax HCl. Bpruvcnenua mpousBoqusuch no cbopmyute (2), 

Kak BAHO H3 MPWBeJeHHBIX JaHHbIX, IPH KoHNeHTpanuax HCl 6oar 
0,1 Monb/a peakijus uMeeT nepBpiit nopszox. Kunetuueckue KPHBbIe B 3TAHO 
BOAHBIX CMeCAX HMCJIH MOHOMOJIeKYJIAPHBIN XapakTep. B a6comoTHOM 9TaH 
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BASH C TOPMOSHALLMM JleHCTBHEM BOJbI KHHeETHYCCKHe KPHBbIe HMeIH Gosee: 
WKHBIH XapakTep, OMHAKO MpHONH2%KeHHO CleLOBaIN Take MOHOMOMeKyAAp- 
My sakony 4o 80—90% mpesppamenus. 


aOmT Mca 


RY -40'cex—t 


Temnepa- |McxoyuH. Kouu. 
Typa, °C HCl, Mowb/a 
a6c. sTaHomn | 96,8% sranomn | 94,0% stanom 

100 0,5 1,66 — — 
110 OFS 4,70, 1,88 eal) 
120 0,5 11,2 4,85 3,15 
130 Gone Dil wT 8,9 
140 OF0 _— — 21 
120 0,1070 1Oe5= — — 
12 0, 4464 LORS — _ 
120 1,460 pais — 


* B stow CepHH ONBITOB 9TaHON, MO-BUMMOMy, CoepxKasl He- 
6OJIbIyIO MpHMeCb BOB, BCeACTBHe wero 3HaYeHHA KOHCTAHT 
3aHHKeHbI Ha D—7%. 


Iipu Maupix KOHWeHTpauuax HCl MoHoMomekyJIApHad KOHCTaHTa CKOpOCTH 
qHHAeT YMeHbIUWAaTECA (cM. Ta6u. 2), a MOPANOK peaKIHH, COOTBeETCTBEHHO, 
eNHUHBATbCA TAK Ke, KaK B 
yuae peakuuu HCl c meta- TaOauna 2 
mom (*). OfHako B csryuae 
iHOla Take H3MeHeHHs Ha- = —_ 
i de IIpH 3HauNTeJIbHO 


ee HH3KUX KOHI@HTpalluax Konexutp.HCl, Ry 10%cex™, Bie wy Ry-10°cex™ 
| MOMb/at- 104 Ha6u, TES BBIYHCJ. 


Temmepatypa 101°, k= U3, Se dileecenas 


Hamu ObuIv u3MepeHbI Tak- 


- MW 9KBUBAJICHTHbIe JJIEKTPO- 
ononitoer pactBoposp HCl Bip Ri alee ee 
aOCcOJIOTHOM 9TaHOe MIpH 3,20 2.7 0,885 2,94 
° B MHTepBasle KOHILEHTpa- 1,60 4,65 0,920* 1,90 
”0T3,2 .10-4 700,5 momb/a1. 
yJbTaTbl H3MepeHHH NpHBe- * Bpruncmeno no dopmyse (3). 3 
bI B TaGJ. 3. 


Bonpeku NpHHATHIM B CJIyYae CHJIbHbIX JICKTPOJIMTOB MpeACTaBJeHHAM O-- 
TMM, UTO B clyyae pacrBoposB HCl B a6c. astaHosme mpu 101° crenenb Aucco- 

alld MOHHbIX nap a = A/A.. IIpu stom noxpasyMeBaeTcA, UTO MOJIeEKyJIAPHOrO. 
1B cucTeme HeT. YuHTHIBAaA 9TO, MPH MaJIbIX KOHWeHTpalluax HCl TepMogu- 
WyecKkaad KOHCTaHTa K; AMCCOWMalHH HOHHBIX Nap paBHa: 


[C.H;OH¥] [CI-] 


(Oem eee aay = Lee (AIX THCY 9 2 AV ROIHCT (3} 
‘ [CeH;OH} -Cl-] 


RB GES 


> |. — HOHHad CHa; BeMuHHa A BBIUMCIAeTCH, COrlacHO TeOpHH He6aa — 
WKKeA, MO Popmyute: 


a [A =e? V 8nN -10°°(DkT )—*, (4) 


Tloncrapiaas B (4) D = 14,0 (Bpruncieno mMyTeM 9SKCTpanouAWHH K 101° 
MBeMeHHbIX B MUTepaTy e TaHHBIx (’), nowyuum: A = 9,60. 

Tlomp3yscb (popMyvoi (3), Mbl BbIYHCJIMJIM 110 9KCMePMMeHTaJIbHbIM [a HHBIM 
u K; *, B npomexkytKe konlentpaiun HCl or 0,52-1073 no 2,55- 10% Mowb/a 


_* V3mepeHupie Hamu 3HaueHHa A HM A. MOMyYeHbI B MPOHSBOAbHOM CHCTeMe CAHHHI, H3-38 
° 
‘ouHolt KaMOpOBKH H3MepuTebHOrO cocyza upH 101°. 


38% 


K; octaetes ocrosHHo uv papua (1 ,45+-0,06)- 1078. IIpu [HCl] > 5-10°* mowb/ 
snauenua K; HauMHaloT OpicrTpo yMeHbiiaTsca c yBesuueHHem [HC] 
Tlo-suiumMomy, 9Ta KOHWeHTpauna HC] naxoquTca Ha npeqeme mpHMeHHmc 
cTu (3). 

Ecum Terlepb HCXOAUTb 43 IpemnosoxeHHA XUHWeBya, YTO Me eHHC 
cTalueli peaKIlMH ABJIAeTCA eruapaTaluA HOHHBIX ap, TO 3HaHve 3aBHCHM( 
CTH KOHIe€HTpaluH WOHHBIX Tap oT KoHIWeHTpayun HCl jfaeTt BOosMOxKHOCT) 
BEIUHCIMTh 3HAYCHHE KOHCTAHTHI CKOpocTH ky Mp MasbIX KOHWeHTpatluax HC 
no dopmyvie: 


ap A 

0 a) 

ky — ky ) (i 
1S) kbs 

re hy) / Ae — cpemHee 3HaYeHHe CTeNeHH AMCCOMMAaMMM MOHHbIX Nap B TMpoMe 


*KYTKe KOHeHTpawunH HCl, B KoTropoli usMepsmacb Ry. Tipu 101° Ay / Aw=0,27 
PesybTaTbl pacueta 0 dopmyvie (5) NpHBeyeHbl B YeTBeEpTOM cTONOLe TAO. 
Kak BHHO, BbIUHCJIeHHbIe 3HaueHuA } 
XOPOIIO cormacyloTCA C 9KCHepHMer 


Ta6auua 3 
TaJIbHbIMH. Kak HaM Ka2KeTCH, 3TO HAE 


JIA€TCA  MOKA3ATEJIbCTBOM crpaBeJlJ 

ROUTED. Ar _ omer A/a BOCTH rumoTesbl XUHWeBya (*) OTHC 
Mosb/s1-40° Movtb/m1- 108 « CHTCJIbHO Me€XaHH3Ma peakiHH (1). 
Ha6moqaemad MOHOMOJeKyJApHOCT 
peakiuu pw OoubuIMx KOHILeHTpalua’ 

0,32 0,885 10,10 | 0,507 HCl moxert Obirb OObsxCHeHa JBOAKH 
cos ees me oney o6pa30om. C ofHOH CTOPOHbI, BeJIMUMH 
2°55 0.670 51.0 0) 330 4—=h/h» B JaHHOM CJlydae He3HaUy 
5,10 0,570 102 0,280 TeJIbHO HU3MeHAeTCA c poctom [HCl 
6,38 0,537 501 0,260 Bpi3BaHHble STHM OOCTOATEbCTBOM BOZ 


MYIN@HHA OSTOMY He3HAaUHTeJIbHBI ! 
co6loqaeTCA MpHOMM3HTebHaXx MOHOMOVJIeKyJIApHocTb. C pyro cTOpoH, H 
HUCKJIOU€HA BO3MOXKHOCTb, YTO TpH OowbuIMxX 3Ha¥eHHAX [HCl] coornomexHy 
& = h/o HelpHMeHuMo, H a= 0. Torgqa usmepeHnble KOHNCTaHTEI Rk? saBss 


JMCb Obl MCTHHHBIMH MOHOMOJICKYJIAPHBIMH KOHCTaHTaMH CKOpOCTH jerHulpe 
TauMH MOHHBIX Map. Iloxa xe sTOrO C YBePeHHOCTbIO YTBepxKAaTb HeJIb3A 
Tlosromy Takxe HW HaOslofaemMble 3HaYeCHHA SHEprHH aKTHBallMM, paBHO: 
27400 kaa, MW MpefsKCnOHeHTHI, paBHow 2-107, He MoryT eme CUNTATEC: 
MCTHHHBIMH. 

Kak BYfHO 3 MpHBeseHHbIX B Ta6. | WaHHEIX, JOGaBKH BOJbI.K 9TAHOW| 
OKa3bIBalOT Ha PeaKI[HIO 3aMeTHOE TOPMOsaALiee BNAHNe. IIpupoxy sToro aBae 
HHA MOXHO JlerKO MOHATH, MCXOMA U3 OOMLUX MpescTaBlenul 06 HHTuGUNpyroUlel 
BJIMAHMM MOOaBOK OCHOBaHHH K peaKIMOHHOH CMecH B CJly¥ae KHCJOTHC 
KaTalMTuueckux peakunMi (8,°). Tockonbky B peakIMIO BCTyNaloT JIHMI 
MPOTOHH3OBaHHbIe YaCTHIbI (S9TOKCOHHH-HOHbI), TO YMeHbINeHHe KOHIeH 
Tpalu MOceqHAX, BCeMCTBHe MX B3aMMOJeHCTBUA C BOOM, MpHBOLM 
K COOTBETCTBYIOUleMy YMCHbUIeHMIO HaOJIOMaeMOH KOHCTAHTLI CKOPOCTH peak 
uni. B pacTBope KHCJIOTbI B CMeCH CIIMpTa Cc BOOM MWMeeT MeCTO paBHC 
BecHe: 


H3O+ ++ CpH;0H <2 CgH;OH} + H,0. (6 


KoHueHTpaluMoHHad KOHCTaHTa K 9Toro paBHOBecus Oblula HAMM U3MepeH 
HHAMKAaTOPHBIM MeTOLOM CIeKTPOPOTOMeTPHYeCKH, B TeMMepaTyPHOM MHTepBad 
15—45°, c ucMO/Ib3OBaHHeM B KaveCTBe HHJMKaTOpa N-HUTpoaHuna (8), B 96,69 
gtaHoue. IloryueHupie 3sHayeHua K xopomio OnMChIBalOTCA ypaBHeHHeM: 


IgK = 7,87/4,574 — 5100/4,574 T. (7 
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Benuunna HaOstofaemol KoHcTaHTpl ky CKOpocTu B 9TaHOse C MpHMecbIO 
[bl JOJOKHa OMpeAeATbCA COOTHOMEHHEM: 


fie Kk} 
1 KF [ALO] [CHeOH]’ (8) 


0 
> kj — KOHCTAHTa CKOPOCTH B aOCOJIOTHOM 3TAaHOJe. 
B ra0. 4 npuBefzenbl 9KcTpanomHpoBaHHble mo copmyvie (7) 3HayeHua K 
HM TeMIlepaTypaX KHHETHYeECKHX OMbITOB H COMOCTABJIEHbI 3HAYeHHA kj, BbIUHC- 


WAS nese A 


R108 
See K : }108 96,8% sTanon 94, 0%, ~STaNOu 
BHIGUCI. Haou. j BErUnca, naoa. 
110 0,065 4,70 | 2,03 1,88 L233 APRAIS) 
120 0,078 ED 5732) 4,85 3,24 3A 
130 0,096 PAS) 41,6 We Th 8,4 8,9 
iHble 10 (pomyste (8), C 9KCMePHMeHTAaJIbHDIMH JaHHbIMH. YOBMeETBOPUTEIb- 


> COBNANeHHe BbIUMCJICHHBIX 3HayeHHH Rk c 9KCNeCPHMeHTAJIbHbIMH MOATBEpx- 
-T CIPaBeJINBOCTb MPHBeCHHOH CXEMbI BJIMAHHA BOJbI Ha CKOPOCTh PeakIHH. 
Ecaim JJMMUTHpyrIolle CKOpOCcTh peaKIMN CTaqueli ABMAeTCH JeruaqpaTawua 
JHBIX lap, TO CKOpOcTb peaklluu MexyAy HBr u sTaHOJOM OJKHA ObITb OOVIb- 
Takosonw aaa HCl, O6maroqapa Gombe HyKNeobumbHocTH uoHa Br-. Ilo 
HM TIpeIBapHTebHbIM JaHHbIM, peakwua Mexay HBr u stTaHosom, npu 
Br]>0,1 Momb/a1 u 120° umeer neppptit mopagox. Kouctranta cKopoctTu mpu- 
HO B Ba pasa Goble COOTBeETCTBYIONLeEH BeMMUMHBI Waa HCl. 
ABTOPbI BbIpaxKaloT CBOIO IpH3HaTembHOCT cTyfeuTKe JI. I]n00m, mnpnun- 
mleH AKTHBHOe yuaCcTHe B BHINOJIHEHHH IKCNeCPHMeHTaJIbHOM YaCTH HacTOA- 
Oo UccuIeOBaHHaA. 


TapTyckult rocyjapcTBeHHbIi Ilocrynusio 
YHUBepcuTerT SLIT M1959 


WMTHPOBAHHAA JIMTEPATYPA 


1S. Kilpi, Soumen kemistilehti, 26B, Ne 2, 9 (1953). 2 J. F. Norris, Rec. 
Odi 48, 600)(1929). 2 EE. Grain v aiid). (S.° Woims tein Ja Ams Chem Soc;, 
2@51(1947). *C. N. Hinshelwood, J.Chem. Soc., 1935, 599.°°G" M. .B en- 
tb eM. Rey nol ds, J. Chem. Soc., 1935, 131. °° EWA. Brawde; J. Chem. Soe, 
Pm OMeeOeN Keon 1 mien el. namea tl, Biuli= InstyChem, "Res. “Kyatos Univ., 
igloo»), 8 HH. M. Uup Kos, M. MH. Buuunnk, C. T. Outrenuce, B. 
eTKOBa, COopH. Bonmpocht XHMuuecKOH KMHETHKH, KaTaJId3a MW PpeaKIUMOHHOH cmoco6- 
u, H3n. AH CCCP, M., 1955, crp. 496. ® B. A. Ilaapm, K@X, 32, 620 (1958). 
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Jlokxnann Akagwemun nayk CCCP 
1959. Tom 127, Ni 2 


PH3HYECKAA XHMHVW 


Usen-Koppecnonjent AH CCCP H. H. MJIAKCHH u P. I. WIA®EEB 


BO3AEHCTBUE HOA HA ®JIOTHPYEMOCTb CYJIBPUTHbIX 
MM HEPAJIOB 


Hammmu pa6oTtamMu oOHapy2KeHO, UTO S/IeEMeHTAPHbI HO ABAAeTCA COO 
paTesieM CYJIbUAHLIX MHHepaJiOB HM aKTHBUpyeT HX pH dsotawun. Ilo TaHHE 
MpeAbilyIuux HccmeqoBaHHl (') HOA ABJAeTCA BeUleCTBOM, OOafarouluM Mp 
poquoh cbuorupyemocryro. Ilo cBoel duloTHpyeMocTH Ho MmpHOmMxKaeTCA K FJ 
MEHTapHOH cepe, BCIeACTBHE TOFO, YTO y Hero, TaK Ke Kak Y CePbl, MEK TYMO 
KYJIAPHble CHJIbI MaJIbI 10 CPaBHEHHIO C M@XKATOMHBIMH: PaCCTOAHHA MexK/]Ly at 
MaMH B MOvleKyvie fioga coctapasiot 2,70 A, a Mex,y ero MosleKyJIaMH B KpucTa 
ne 3,54 A. Jina ceppi 3TH paccTOAHUS paBHbI cooTBeTcTBeHHO 2,10 u 3,30 A. 

Hamu mpopeyeHbl HccyeqOBaHHA MO H3y4YeHHIO JeHCTBHA Hosa B kKauectT' 
peareHTa-coOupatesa (bOTALHH CYIbPUAHBIX MHHepaos. JA XapakTepHcTH 
alcopOunu Hosa cysbPUAHIMM MHHepasaMH MPMMeHAJICA HAaCbILeHHbI pacTBe 
SIeMeHTapHOrO Hola B AMCTHIMpOBaHHoH Boge (0,0266% npu 18,5° C). 

100 ma pacTBopa nepemMemmBasucb 10 MunyT c 1 r cyapcsuAHOTO MuHepa, 
KpynuHoctbio — 100 + 150 w un —74 + 0 pw. CpaByutenbuble pe3ybTaThl a 
cop6uHuu Hoya cybpUuAHbIMH MHHepasiaMu NMpHBexeHb! B Tabu. 1. 


Ta6auue 1 
Ancop6uua foqa cymbdugzamu 


Munepas PbS CuFeS, FeS, ZnS 
3ak penmenue 3 SP 4,95 24,6 7,6 20,8 26,6 
ona, Mruair 
MMHepauia 
KpynH. yacTuu, —150 —150 —T4 —150 —T74 —T4 
MMHepawia, v. +100 +4100 -+0 +100 +0 +0 


@.10TAaWMOHHOe BoOsTelicTBUe Oa yCTaHaBJIMBaNOCcb BO (bOTAaIHOHHOM M 
INMHE C KaMepol OObemMoM 100 Mu H HaBecKOli MHHepasa B 40 r. Bpema nepem. 
IWHBaHHA C CoOupaTeseM 3 MHHYTHI, BpeMA dotaunu 3 MHHYTHI. Hcxogue 
mpoOa mpescTaBJasia CMeCb MHHepaJloB: cybpuya KpynuoctEio —74 + 0 
10 r, u kBaplla KpynHocTb1o —150 + 100 30 r. Kcantorenar nu fiom BBo_MMHC 
pa3feJIbHO B KoMyecTBe NO 10 r/n. Jia neHoo6pas0BaHUuA BBOANIOCH COCHOBG 
Maclo. PesybTaTbI (buoTaluu MpHBeseHbI B Tabs. 2. lee= 

Kak oKa3asM (pOTALMOHHBI€ ONBITHI, SIEMeHTAPHBIi Hox OOnalaer ABHE 
MH COOHpaTeJIbHbIMU CBOHCTBAMM [Jia CyJIbPUAHbIX MHHEpasos. 

@1OTAMMOHHEIe CBOLCTBa ofa OnpedenAOTCA ero COOMPAaTeJIbHBIMH CBOLC’ 
BaMU BCJeACTBMe acopOuNH Ha NOBepXHOCTH MuHepasios. Kpome toro, MOTY 
CKa3bIBaTbCA 3HAUMTEJIbHbIC OKUCJINTeIbHbIe CBOHCTBa Hola nO OTHOIMeHH 
K KCaHToreHaty. 

Vion, B3aumMojecTBys C KCaHTOreHaTOM, OKHCJIAeT ero, HB pesyJIbTaTe peat 
WMH OOpasyeTcn AHKcaHToreHHyA. OOpasopanne AuKcaHTOreHHsa B mpomecce of 
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Ta6Oauna ‘2 
PesyabTatbl ()lOTaIHOHHBIX OMBbITOB 


V3pneuenue Hspaeuenne 


ramenuta, % KBaplia, % PearenTpi 
Bila 0,4 CocHosBoe Macao 410 mr/a 
OUT. 0,4 Bytuaopplii KcaHtorenat 10 mr/a, cocHoBoe mac- 
mo 10 mr/a 
91,1 0,9 PactBop fiona 10 mr/a, cocHoBoe macso 10 mr/a 
95,6 By Pactsop fonza 10 mr/a, OyTHOBbIit KCaHTOreHaT 
10 mr/a, cocHoBoe macio 410 mr/a 
(u3BqIeueHHe 
cdbauieputa) p 
45,6 22 CocHopoe macuo 10 mr/a 
86,8 OM BytTusoppit KcaHtTorenaT 10 mr/a, cocHoBoe Mac- 
no 10 mr/a 
65,6 — PactBop toga 10 mr/a, cocHoBoe macao 10 mr/a 
87,4 OZ Pacrsop Hoga 10 mr/am, OyTHNOBbIA KcaHToreHaT 


| 10 mr/m, cocHopoe macao 10 mr/a 


100TKH MUHepasIOB KCaHTOreHaTOM HM 3JIEMCHTAPHbIM HOJOM YCTaHOBJIeHO 
IbITaMH C OYTHJIOBbIM KCaHTOreHaTOM, Me4CHHbIM PawMOaKTHBHOH cepon S*5. 
aBecKa CyJIbHAHOrO MuHepasia KpynHocTb1o —74 +0 p u Becom | r oOpa6a- 
ABaJlacb MepemMeluMBaHHeM B 100 Ma pacTBopa 6yTHOBOrO KcaHTOreHata KOH- 
eHTpanuelH 10 mr/m u pacTBopom toga KonneHTpaluen 0,026 %. Pesysmbratol 
MbITOB MpuBeeHbI B Tabu. 3. 

TlosyueHHble pe3yJIbTaTbI NOJTBEpKTawT OOpasoBaHhe ANKCaHTOreHu a pH 
OBMECTHOH OOpaOoTKe MHHepasia KCaHTOreHaTOM HM HOJOM. 


Ta6aunua 3 


H3menenve 3akpenmenua OyTumOBorO KCaHToreHaTa Ha CyJbpus- 
HbIX MHHepadax nocse OOpaboTKH pacTBOpoM Hoja 


Munepaa 
SakpenweHue KCaHTorenata, 
| cade ha PbS | CuFeS, |, FeS, | ZnS 
O6pa6otka KcaHToreHaToM 1315 | 1370 1770 | 1009 
PasyjembHaad O6paOoTKa pacTBo- 
pamu Hoya uw KcaHToreHata 3080 2326 5890 | 1800 
O6pa6otka KcaHTOreHaTOM H IIpo- 
MBIBKa 9upoM 700 530 890 | 887 
Pasnembuaat o6paOoTka pacTBo- 
pom ofa uw KcaHToreHata c 


Toceq. MpCMBIBKOH SPupomM 745 500 687 | 500 


Hamu mpefqnosmaraetca caelyroului MeXaHH3M aKTHBHPylollero JlelicTBuA 
fla Ha KCAHTOreHaTOBY!O OTALMIO CYJbPUAHLIX MHHEPaJIOB. SakpenJAACb 

NOBEPpXHOCTH YaCTHIL MHHEPaJIOB MYVJIbMbI, HOM BOSACHCTBYET Ha MOJICKYVJIbI 
aHTOreHaTa, OOpa3yA JUKCaHTOreHUA, KOTOPHIM 3aTeM 3akpellJIAeTCH Ha CyJIb- 
MHBIX MMHepaax, 

TakuM O6pa30M, 93uIeMeHTApHHI HOM ABAAeTCA COOHPaTewieM CYJIbPUAHBIX 
Hepaos. B To xe BpeMA OH B3aMOfeHCTByeT C KCAHTOreHaTOM Ha NOBepxX- 
CTH pasjesa MHHepasia WH XKUAKOM Ca3bl NyJibMbl C OOpasoBaHveM JMKCaH- 
renufa He6onpmue 2o6aBku ofa mpu dwoTalHn CybpUAHbIX py HHTeHCH- 
IHPyl!oT (PIOTHPYeMOCTE CYJIB(UAHBIX MHHEepPaJioOB. 


Tlocrynusio 
27 IV 1959 
ILMTHPOBAHHAA JIMTEF ATYPA 


1A.M. Gaudin, H. L. Miaw, H. R. Spedden, Proceedings of the Second 
ternational Congress of Surface Activity, 3, London, 1957 p. 202. 
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Jlorzanm Axangemun nayrk CCCP 
1959. Tom 127, Ne 2 


PH3SHYECKAA XUMHj 


A. A. TOJIAKOBA, K. HW. 3HMMHA, A. A. METPOB u P. A. XMEJIbHHUWKUM 


MACC-CHEKTPbI WH CTPOEHHE BUHHMJIALLETHJIEHOBbIX 
YI JIEBOJOPOOB 


(ITpedcmaeaexo axademuxom B. A. Ap6ysoeem 26 III 1959) 


VisyyeHne B3aMMOeHCTBHA BHHMVJIAeTHJICHOBBIX YIvIeBOOPOMOB C 3dJIeK 
‘pOPHIbHBIMH, HYKJeOpHIbHbIMH H PalUKaJIbHbIMH PpeareHTaMH MO3BOJINJIO BB 
ABUTb PA, 3AKOHOMePHOCTell B UX PeaKIHOHHOM CMOCOOHOCTH, OOYCJOBJICHHBI 
ocoGeHHOCTAMH XuMMYeCKOrO cTpoeHHaA (1). CueltbIo OObACHEHUA STUX 3aKOHC 
MepHOcTeli GbIIO MPeMMPHHATO CHCTeMaTHUeCKOe H3YYeHHe SABUCHMOCTH Mex} 
CTPOCHHe€M BHHUWJMaleTHIeCHOBLIX yrIeBOLOpOAOB WH (H3HYeCKMMH CBOMCTBAMY 
CBASAHHbIMU C peaKIHOHHOM cmocoOHocTHO. CoorTsercTByloulve MaHHble MO HE 
(ppakpacHbIM cnekTpam (*), cneKTpaM KOMOMHallMOHHOroO paccesHua (°), KMMOUE 
HbIM MOMeHTAaM (*) H30MePHbIX BHHWJalleTHICHOB yxKe ONYyOJIMKOBaHEI. 

Samael LaHHol paOorbl Oblwlo ycTaHOBJIeHHe CBA3H Mex Ay CTPOeHHeM BUHHI} 
alleTHJICHOBLIX YIvIeBOOpos0B MH HX Macc-cneKkTpamu. Ms3yuennMe moceqHUX| 
KaK H3BeCTHO, MO3BOJIAeT eaTb OOILHe BbIBOAbI OO YCTOHUMBOCTH HW OTHOCHTEE 
HOH peaKIMOHHOM CMOCOOHOCTH OpraHHyecKuXx CoeHHeHUH. C Apyrou CTOPOHB! 
MaCC-CIIEKTPbI 1peACTaBsIAIOT COOOM WeHHbIM MaTepHal IA Ween AeHTHpUKAl 
IHW UW aHaJId3a Pa3JIMYHbIX BellecTB. 

Hamu OplwIM McCJ1eAOBaHbl MaCC-CHeKTPbI BUHMJIalleTHIeHa HM BC€X BO3MOKHBL | 
efO MeTHJIbHbIX 3aMelleHHbIX (MponeHuJalleTHieHa *, H30TMponeHHaleTHeH} 
M BUHWJIMeTHJalleTuieHa). B wMTepaType MMeIHCb JaHHble TObKO WA BUH) 
atleruiena (5), 

Mertoj{pl NouyYeHHA HW KOHCTAHTbI MCHOJb30BaHHbIX B padoTe yrleBosopoxo'| 
omucaHb paHee (1, 3,4). | 

Macc-cneKTpbI CHUMaJIMcb Ha mpH6ope Tuma MC-1 mpu yeKopsromiem Hanpsl 
*KeHun 2500 B, TOKe smMuccHu 1,5 Ma HM SHEPrHH HOHH3HPyIOULUX 31eKTPOHOY 
70 9B. Jia ompeqeneHuA MOTeHIMaOB MOHH3aUH HM MOABJeCHHA B CXeMy pery, 
JIMPOBAHHA SHEPrHH MOHH3HPYIOWHX ICKTPOHOB ObWwIH BHeCeHbI H3MCHeCHUK 
oOecneyHBalolMe TOYHOCTh H3MepeHHA noTenuMatos +-0,1 9B. : 

Macc-cneKTpbl BHHMJIalleTHIeHa HW ero G6MKaLlWMX TOMOOrOB aHt 
B TaO. 1. M3 paccmorpenua TaOMHUbI MOXKHO CleNaTb CeLyIOUWe BHIBOLbI. | 

B cnekTpe BHHMJaleTHIeHa, KaK HW B CNeKTpax JUBMHMa U AMalleTusmeHa 
MaKCHMaJIbHbIM 110 HHT€HCHBHOCTH ABJIAeTCA MOJIEKYIAPHBI HOH (°). Handoue) 
MHTCHCHBHbIe OCKOJIOUHbIe HOHbI OOpasyloTca Mp paspbiBpe cBa3H C—H. Murex 
CHBHOCTH MOHOB c maccamy# 51, 50 u 49 cocrapsstor coorBercTBeHHO 50, 42 | 
13% OT HHTCHCHBHOCTH MaKCHMAaJIbHOTO Ka. OcKOOUHDIE HOHE, OOYCMOBIEH 
HbIe PaciiaOM M0 yriepoy-yriepOAHbIM CBASAM, [IX BUHMJalleTHsIeHa He Xapak 
TePHEI. SaMeTHbIi pactiay| MMeeT MeCTO TOKO NO cBA3H C—C c o6pas0BaHHel 
woHa Cc Maccoli 26. 

BpeleHue B MOJIeKyJY BHHMNalleTuseHa MeTHJIbHOrO paluKasa (B 1060! 
MOJIOMKCHHE) HECKOJIbKO CHWKaeT CTAOMIbHOCTh MOJICKYJIAPHOTO HMOHA, OfHAaKl 
OH MlO0-lipe?7KHeMy HMeeT MaKCHMaJIbHy!i0 MHTeHCHBHOCTb. Mey Tem B Macd 
cmeKkTpax lMNepHJieHa HW W30MpeHa, a TakKx%Ke UX GOomee MpeebHbIX aHaoro 
MaKCHMAJIbHOM HHTCHCHBHOCTbIO OOJIaalOT y3Ke OCKOJIOUHbIC HOHBI. 


* CMeCb IPHMepHO PaBHBIX KOJIHYeCTB WHC- UM Tpanc-bopm. | 
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Macc-cneKTpbl BHHV Jae THJICHOB 


MyTeHCHBHOCTh HOHOB VMurencuBHOCcTb HOHOB 

oy S oh a 

ao ihs G 2 ea é 

Macca u Fs a a r Macca cs iS - = 

cocTaB | l} 4 d | uM cocTaB al {| g J a 

SCKONKOB S iB s aes Tl OCKOJIKOB O S 9 5 mf 

FLA fa Nc ipo Tia aa ge canon 
PA Ga ‘Wess Ono 24 0,9 “49 (Gale li ATS OU Mt AO) 4,0 
sh (Gla a 3 — _ — 50 Cables+ 41,9 OF red) 10,0 
4 CH,+ 12, — — Dy (Onlelea: NORA. dl (eed) 25,8 A720 
5aCHat 0,4 — — 2) By ACh ils bia 100,0 9,3 — — 
5EGokit 3,6 — _- AG) 53 C,H5* 4,4 Sit 1,6 — 
6 Cy,Hot ARO) 4,8 ails 3,8 04 CyHgt — Die, — — 
7 CsHgt 38) || SUAS I 9,2 8,3 5a Calis — ge 5,0 — 
8 CyH,yt 0,5 — — — 56 CyHgt — 4,1 ese) — 
16 Cyt i) — —- Lee ihe Cx lialege — Bini dey — 
| (aGeti© Drill — 9,7 60 C;t — — — — 
) Gyebes Zee, _- 8,2 NAO) CAGE — 6,2 46 10 
9 C3H3t Onde] 69, t nar OAS 62 C3Het — 8,7 2,8 15,0 
) C3H,t 0,6 | 46,8 ae) eo) — 63 Cs;H3t —_ 16,8: 0) 21,9 
41 C3Hst “= 37,4 29,2 1,8 64 C5;H4t — 4,7 0,6 -—— 
¥ (Ohl Gg — ates 4,4 — 65 C5H5* — 49,9 41,8 38,0 
3 C3H7t — (34 4143 1,0 66 C5Hgt — |100,0; 100,0 100,0 
toy (Cy 2,8 — _— — 67 — — eS 0,4 — 


Ha kpuBoit pacnpeyeieHuaA HOHOB MO UMCy yrIepOMHbIX ATOMOB JIA BCex 
MepoB C;H,, Kak H B cjTyuae 1,3-qMeHOB HM alleTHJICHOB, HaOuIOJaloTcA [Ba 
ciMyMa (41a HOHOB CsaH¢ u CsH+) *. 

Pa3pbIB MOJIeKyJIbI 10 cBai3H C—H uMmeeT y BCeX H30MePOB CpaBHHTeJIbHO 
OKY!O HW MIpHMepHO paBHy1o BeposTHocTh (40—50%), no-BHquMomy, BcuJIe]- 
ve OOpa30BaHuA ycTolunBbIxX OJlarofapA CoMmps»KeHHIO HOHOB c MaccoH 65, 
H30mepbl C HOPMAaJIbHOM WenbiO OTMYAIOTCA OT H3OMPONeHHMaleTHIeHAa 3Ha- 
CJIbHO OOUIbINeH HHTCHCHBHOCTbIO nuKa 63. OrBeuatolului eMy HOH, BeposT- 


BOSHHKdaeT IIO0 CX€ME: 


CsHy > C5H; > CsHt + He 


Pa3pbIB MOJIeKyJIbI MO CBA3H Me*KY MCTHJIbHbIM payMKaJIOM MU CONPsA2xKeHHOH 
TeEMOM MPOHCXOZUT HesHauuTemtbHO (15—25%) Wa BCeX H30MepoB, KpoMme 
neHusialeTueHa. CnuekTp mocleqHero HavOoulee pe3KO OTJM4AeTCA OT CIeKT- 
M3O0MePOB HaJIMuHeM MHTeHCHBHOTO muKa 49. CooTBeTCTBYyIOUHH HOH, Bepo- 
0, OOpa3yeTcaA U3 HOHA C,H; c moTepel BOZopora. 
PasppiB mpocToi cBa3H MexKy KpaTHbIMH c OOpasoBaHHem uoHoB 41 u 40 
€HCHBHO pOTeKaeT TOJbKO Y BHHMJIalleTHJICHOB C MeTHJIbHOM rpynnow y 
WHOM cBa3u. OqHaKO B CMeKTpax BCe€X H3OMePOB BeCbMa HHTCHCMBeH HOH C 
col 39, o6pasoBaHHe KOTOpOrO, M0-BHAMMOMY, CBA3aHO C PasPbIBOM TOM Ke 
3H VW B JByX CJlyyaAx Cc MoTepew BOZOposa: 


C5He 7 C3H,* > CsH? ae He 


B cnekTpe BHHMJIMeTHaleTHseHa HOH C Maccol 39 Mor TakxKe BOSHAKHYTb 
{ Pa3PbIBe MOJIeKYyJIbI 10 TpOMHOM CBASH, OHaAKO NOABJIeHHe ero B CleKTpe 
Mepa C paSBeTBJICHHOM Telbi0o, a TakKx%Ke B CMeKTpax NMNepHeHa M HB80MpeHa 
CBUIETEMICTBYeT O OOJbINEM CIpaBeJIMBOCTH MepBoro MpeANOOKeHHA O ero 


HMCXO*KJCHHH. 


ee 
@ 18) Cuyuae MpeeIbHbIX HU STHIICHOBHIX aHaJIOrOB STHX YIVIeBOJOPOOB HaGJMIONACTCH TOJIb= 


MH MakCHMyM. 
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OG6paulaeT Ha CeOA BHUMAHHE TOT (baKT, UTO HaHOOJIbIUeH YCTOMYMBOCTHIO OC| 
JajaroT Te OCKOJIOUHbIe HOHEI, JIA KOTOPbIX MOLyT ObITh HalWCaHbl CTPYKTYPHbI 


| | 
(bOpMY,JIbI C CONPAXKeCHHEIMY CBA3A1MM, HanmpuMep: ua HoHa 389CH) — C=CH} 


quia voua 41 CH; pe CH- CH: HT. 2. 


Hapsjly c macc-cnekTpaMi, onpeyeJieHHble BLIBOJbI O PeaKI[MOHHOM cmocot} 
HOCTH OpraHHY¥eCKHX COeCAHHEHHH NMO3BONAeT elaTb CONOCTAaBJIeHHe BeJIM4N | 
HOHH3AllMOHHBIX MOTCHWMaJIOB MOJICKYJIAPHbIX HOHOB. | 

OnpefeneHve NOTeHIMaIOB HOHU3AHH MCCJIELYeMbIX YIJIEBONMOPOROB MOKé| 
3aJ10, UTO HavOosee TPyAHO MOHMSUPyeTCHA M3OMpONeHHJI-alleTHeH (NOTeHIMa| 
10,1 98). Bunumerusauetuen (9,4 9B) Hu OCcO6eHHO MponenusialeTHeH (8,5 9E 
HM€IOT 3HAUHTEJIbHO MEHbIIUHe HOHH3AllMOHHbIe NOTeCHUMAJIbI, YEM BHHMVJIALeTE) 
seo (9,9 9B). | 

STH pe3yJIbTaTbI MHTeEPeCHO ObIIO Obl COMOCTABHTb C JaHHbIMM MO KMHeETHK) 
peakIlHi BHHHMaleTHJIeHOB, MpOXOJAULHX MO HOHHOMY MeXaHH3My, OLHaKO CB 
Je@HHA MO STOMY BOMpocy B JMTepaType OTCYTCTBYIOT. 


Bcecor3Hblli HayyHO-HCCJleJOBaTeIbCKHH Tloctynuso 
HMHCTHTYT NO Mepepa6oTKe HedTH u raza ALBUOU Gs) 
M MOJy4eHHIO HCKYCCTBeEHHOFO %KHAKOTO 

TOMJIMBa 


UMTHPOBAHHAA JIMNTEPATYPA 


— 
iw) 
Fy 


1A. A. Tletpoes 4H Qp., KKOX, 20, 708 (1950); 23, 1867 (1953); 27, 1805 (1957); 
1994 (1958); JAH, 90, 561 (1953); 125, Ne 5 (1959). 2? A. A. Iletpos, tO. WU: 
@upbesa, lf. WH. Cemenosn, JKOX, 27, 1167 (1957). “ALA. Went pos 
Kowaecosa, 10. H. Ilop@upstesa, )KOX, 27, 2081 (1957). 4A. A. Dletp om 
K. C. Muuranesa, B. C. Kynun, JAH, 128, 298 (1958). * Petroleum Institut} 
Research, Project 44, Mass spectral data, N. Y.. 1952. ® K UW. 3umuna, A. A. Ilomnms 
kospa, M. B. TuxomuposBa, H. C. Cocuua, C6opH. Coctas u cBolictBa HedTers 
Msn. AH CCCP, 1957, cir. 72. 
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Joxsagn Akangemuun nayr CCCP 
1959. Tom 127, Ni 2 


PH3BSHYTECKAA XHMHA 


C. C. YPASOBCKHH 


NOJIUMOP®H3M UW IJIEKTPOJIATHYECKHE CBOMCTBA 
KAPBOHOBbIX KHCJIOT B PACTBOPAX 


(ITpedcmaeneno axademuxom IT. A. PeOuxdepom 28 III 1959) 


PaHee HaMH HeOJHOKPaTHO ObIJIO YCTAaHOBJIEHO, UTO PasIMUMe B CBOMCTBAaX 
OMMOPDHBIX MOAMDUKALMH OpraHHMyecKHX BeeCTB B OOJIbIIMHCTBE CJIy4uaeB 
XPaHAeTCA M MOCIe MaBJICHHA WIM pacTBOpeHHA KpuHcTawoB ('). Jro o6cTou- 
-JIbCTBO JaJlIO HAM OCHOBAHHe PpacCMaTPHBaTb M0- 

MMOPDH3M KaK SABJIEHHE COMPAKeHHOH M3MeH- TaOnuua tl 
MBOCTH KDPHCTaJWIMYeCKHX CTPyKTYp Hu Mcue- 
YAAPHbIX KOHPHTypaluh (MIM 2IeMeHTapHbIXx 


JbeMHeHUi MOJIeKyJI — accomMaToB, CompBaTos), <oanee™ | ° ae ApK 
TOCOGHBIX K Ooslee WIM MeHee ycTOluMBoMy cy-  “-b/aHTp. 


\eCTBOBaHH1I0 B XKHAKMX (asax. Takoro poja 
8MCHYMBOCTh MOJICKYJIAPHbIX KOH(Urypalul, He 


CHAIOWLYIO XMMHYeECKOH MHMBUAyabHOCTH Be- ae eie ee 
(eCTBa H COMPOBOKMalolllylocA MaJIbIM 9HEpre4rHu- 0.2 18.5 0.63 
eCKHM acdeKTOM (MopaaKa 1—5 xKxKas/MoJIb), MbI 0,4 16,0 0,54 
a3BaJIM MOJIEKYJIAPHbIM MOJIMMOpdu3sMoM. 0,05 15,0 0,51 
- Cpelv MHOrouncJIeHHBIX cilyyaeB MOseKYyJAp- O eae in ee 


oro NOJMMOpv3Ma 3HAYUTeJIbHbIH MHTepec mpen- 
raBsAeT NOJIMMOppu3M 2KUPHbIX KMCJIOT H, B YacT- 
OCTH, 3aMeII[eHHbIX YKCYCHOH HM NpomHOHOBOH KucvIoT. B nocseqHee BpeMs 
aMH ObIWIH JeTaIbHO HCCJIEOBaHbI SIEKTPOJIMTHYeECKHE CBOHCTBa NMosmHMOpd- 
IX MOMuKaUHH MOHOXJIOpyKcycHOoH, ruiukoeBohH ua, B-quOpommpomHo- 
BOH KHCJIOT B HeBOJHbIX pacTBOpax. Bce 3TH BellieCTBA MOHOTPONHO MOJIH- 
PppHbI WH MUMeIoT CJesyIOlWlHe TOUKH MVlaBJICeHHA: MOHOXJIOpyKcycHas 
ucnota: « — 61,3°; 6B — 56,2°; y—50,2°; 6—43,8°C; rauKosepaa Kuc- 
pTa: a—78,0°; &8—63,0°C; «,8-nu6pomnponuoHoBan KucJIoTa: «— 64,0; 
—51,0°C 

Mecnenosanuio nosBepraucbh CTaOHJIbHbIe “%-MOAMPUKaWHH HW MeTacTaOHJIb- 
l 8-MomqMpuKallHn. Tperpa M ueTBepTad MOJMPUKAalHH MOHOXJIOpyKcycHon 
CJIOTbI, KAK UPe3BLIUaHHO HeYCTOHYMBbIe, He HcceqOBaiHcb. MeractraOnuJibHble 
tHe novyuaIHCb MYTeM OCTOPOXKHOrFO MepeoxJiaxKeHHA pacaBoB 
aOWJI bHbIX Mokupukallult HmKe MX TeMMepaTypbl MlaBJeHHA. B kaue- 
Be PaCTBOPHTeseH MPHMeHAJIMCb STHJIOBLIN CNHPT, alleTOH H AUXJIOpaTaH, 
JJIexKallHM OOPa30M OUHILeHHbIe H OOe3BOXxKeHHbIe. Bce U3MepeHHA MPOH3BO- 
JHCb CO CBeXKeMPHFOTOBJICHHbIMH PacTBOpaMH MpH 25°. 

YcTaHaBJINBalach WIEKTPOJHTHYeCKaAA CHa OTACJIbHLIX MOAMPUKAaUMH KUC- 
T MYT€M HaXOKJeHHA UX KOHCTAHT JMccouMalHH. OnpeseteHHaA KOHCTaHT 
CCOMMAalHH MpOM3BOAWIHCh JBYMA He€3aBHCHMbIMH MeTOaMH: IlyTeM u3Mepe- 
A 2IEKTPOMPOBOAHOCTH HW MOTeHWMOMeTpH4ecKuM MeTosoM. IIpu stom nocwiex- 
M MpMMeHAJICA B pa3JIM4HbIX BaPpHaHTaX NOCTPOeHHA KOHICHTPalHOHHbIX 
one — KaK MyTeM CpaBHeHHA UcCeAyeMoro dIeKTpOAa CO CTaHapTHbIM, TaK 
MyTeM HeMOcpeCTBEHHOFO H3MepeHHA SIJIEKTPOABHXKYLIMX CHI (9. I. C.) H30- 
HILCHTPallHOHHbIX Wemel, T. €. Welle, COCTABJICHHbIX H3 BKJIIOUCHHBIX [pyr 
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HIPOTHB JIpyra MOuYSJIeMeCHTOB, COsep2Kalll\MX PAaCTBOPb! OMHAKOBOH KOHILeHTpPs 
WM HCCeLyeMbIX MOAUPUKAaLHH KUCOTHI, IPH4YeM BO BTOPOM CJyyae ynoTpe 
JIANHCb Kak OydepHble, TaK H HeOydepHble PacTBOPEI. 
Hi3mepeHua 9. J. Cc. Oy*epHbIX WeneH MPOHSBOAHIUCh Mp ABYX KOHMCHTP 
wuax KucioT — 0,002 u 0,005 N. Monyuenupie sHayenna ApK B sto oOnacr 
pasOaBJICHHA OKa3aJIMCb He3aBUCUMbIMM OT KOHWeHTpaluu. Jl Ooee Kpenku 
pacTBopos — cgpiue 0,01 V, kak STO BUZHO U3 MpMBefeHHOH Huxe Tad. 1, ca 
CTaBJICHHOH MO JaHHbIM H3MepeHHa B HeOydepHbIX H3SOKOHILCHTPallHOHHbIX Ie 
MAX [Ia %,8-NHOPpOMNPONHOHOBOH KHCJIOTHI B ALeTOHE, a TAK2Ke MO AHHbIM SJIEK 
Tponposoguoctu, ApK cyujectBeHHO BO3pacTaeT C KOHIeHTpallnen. 


Ta6muua 2 
a, 6-u46pomnponuo- Monoxaopykcy cHan TaeKouleBpan 
Hate HOBaA KUCOTAa KuCcOTAa KUCIOTAa 
PacTBopuTenu ee 
oe ApK seaten AK ee ApK 
STaHol PSs Dias 0,76 ZORO 0,67 29,2 1,00 
AueTou 19,4 Brits tbe Ae) 0) 1,74 — = 
Jiuxnopstan 10,3 110,0 Soke 104 ,0 3,96 — — 


B ta6n. 2 mpuBeyeHb CBosHbIe JaHHbie ApK cpaBHHBaeMbIX «- HW B-MoqHY 
KallH HCC..eOBaHHbIxX KuCJIoT B | N pacTBopax, BBIMHCJICHHbIe NO 9. J. C. H3C 
KOHI[CHTPallMOHHHIX HeOyepHbIxX wenel. 

3 nmpvBefeHHbIX JAaHHbIX BUHbI JOBOJIBHO CYLIECTBEHHbIe PasJIN4HA B QJIEKT 
POMHTHYECKOM CHIC OTIEMbHBIX NOJUMOPHBIX MOLU@UKaLMH OHO Mu TOM 
KHCJIOTHI. GAMeETHO TAKE, UTO STO PpasHUNe YCHIMBAeTCA C YMeCHbIWeHHeEM J 
SJEKTPHYeCKOH MPOHHIAeMOCTH PaCcTBOPHTeJIA. STA 3AaKOHOMEPHOCTL OCOOeHH, 
HariAqHO MOATBepKAaeTcH MaHHbIMH PaHee BbHINOJIHCHHDIX HaMH M3MepeHH, 
JIA MOHOXJOPYKCYCHOM KHCJIOTHI B JMOKCaHO-BOLHBIX CMecsax (%), Tye moO Mep 
YBeJIHYeCHHA COepKaHHA BOLI pasinunHA B PK CrsiamwKUBalOTCA HM BOBCe UCUE 
3a10T B YHCTOH BOJe. { 

Creflyet 3aMeTHTh, UTO HaOJIOJeHHbIe PasIHUHA CPVlaKUBAIWTCA TakxKe H Mp} 
JWIMTeEbHOM CTOAHHM pacTEopow — or 4 jo 30 uacoB: B OydepHEIx pacTBo| 
pax Opictpee, ueM B HeOyd epHbIX, a TaK#Ke B 3ABHCHMOCTH OT MPHpPOb PpacTBo 
putes. 

TlomuMo NpHBeeHHbIX BBILIe Pe3YJIbTATOB MOTCHIMOMETPHYeCKUX M3Mepe} 
HHH MbI MOJIYUHJIM Take AaHaJIOPMYHbIe JAHHbIC HA OCHOBAHHH H3MepeHul SNeKT} 
ponposBoyHcocTH. ee: 

H3mepeHua SJIEKTPOMPOBOLHOCTH MPON3BOAMIMCh Ha yCTaHOBKe, ONMCAaHHO! 
HaMH B ipepIAyuux pacorax (*°). Tam xe mpHBeyeHbI H Ooee NoZpoOune Aan’ 
HbI€ pe3syJbTATOB 9THX H3MepeHHH (© ‘), . 

Hatifenuble yka3aHHbiM Bbillie CNOCOOOM 3HaYeHHA NpeebHOH 27eKTpoNpo 
BOJHOCTH PasJIHUHbIX MOAMPUKAaUN OHO MW TOM Xe KHCJIOTLI B TaHHOM pacTBO 
puTejie OKasaJIMCb OMHAKOBBIMH, B TO BP€MA Kak B OOsAacCTH KOHMWeHTpanni| 
KONYCKaIOMHX SKCHEPHMeHTAJIbHbIe ONpeWeNeHHA Ay, HaOMIOMaUch AIA oGen3} 
MOAKuKaun CyllecTBeHHbIe pasmHuna. LlocrpoeHne nosHbIX KPUBbIX 3aBycH} 
MOCTH } (%) NOKa3bIBaeT, YTO HAHCHHbI€ HAMM PasJIMYHA B 9eCKTPONPOBOHOCTI 
a- WM B-MonN@uKalluli UCCIeMyeMbIX KUCJOT CRaYada C pasOaBleHHeM Bospal 
cTaloT, MOCTHTraA MAKCHMAJIBHOTO 3Ha¥eHHA NpH o=10° n/Monb, Korya creneHTs 
AuccouMalnN OM3Ka K MOJOBMHE, a 3aTeM YMEHDIUAIOTCH, NPHOAMKAasCh K BY} 
JO B MpeJebHO pasOaBJIeHHBIX pacTBopax, rye A, CTAHOBHTCA OMHAKOBOH JWIs} 
o6euxX Mo_NpUKaNh. | 

TlomyueHHble aHHble IA 3EKTPONPOBOLHOCTH ObIWIM HCNOMb30BaHbI Tastee | 
ANA BBIMCNCHHA KOHCTAHT AMCCOUMALMH OTJEbHbIX NOJMMOPPHEIX MOLNduKa | 
WHH UCceqyeMbIxX KucloT. HalifeHHble TaKHM MyTeM 3HaveHHA KOHCTAHT WHC 
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IMAM CONOCTABIAJICb C COOTBETCTBYIOULMMH 3HaYCHHAMH, OJ yYeHHbIMW 
YTEHIMOMETPHYeCKHMU MeTOaMH. 

B ra01. 3 MpuBeeHbl 3HAYeHUA PasIMUN B KOHCTAaHTAaX JIMCCOLMAaLNH B Bue 
pK Qia WByX Mosu@uKawul «, B-7HOpoMMponMOHOBOH KUCOTHI, NOJYYCHHbIe 
13JIM4HbIMH ~MeTOaMH. 

ConocraBJieHHe MPpHBeJeHHbIX JaHHbIX CBHJeTeILCTBYeT O06 yOBNeTBOpH- 
JIbHOM COBNayeHHH 3HayeHHH ApK, MOJy4eHHbIX Ppa3JIMUHbIMM MeTOJaMH, 
O BNOIHe yOexKaeT B CYIIECTBOBaAHHH pa3/IMYHH B SIEKTPOJMTHYeCKOH Cue: 
w B-MOLM@uKAaLAH HCCIIeAyeMbIX KMCJOT. 


TaoOautna 3 


ApK MoyuduKkaunh oa, B-au- 


A - 6pomupon. Kucu, 
NoNeo Metogn onpexzemeHua 
B Auxsop- 
| 
QMEKTPOMPOBOJHOCTh 0,15 0,42 — 


| ld 


2.7.c. 6ydhepHow uenu co} 0,16 0,36 0,49 


B 5TaJIOHE | B alleTOHE 9Tane 
cTaHapTHOH KkuCcAOTOH 


(MK PpHHOBON) 

3 93.7.c. H30KOHUeHTpanHoH-| 0,17 Oven 0,48 
Hol OydepHol uenv 

4 2.7.c. w30koHueHTpauvoH-| 0,18 0,44 aS 


HOH HeOydepHou wenn 


AvaJH3 MOJYYeHHbIX Pe3YJIbTaATOB MO3BONAeT CieaTbh 3aKJIIOYCHHe O TOM,. 
O HOCHTeCJIAMU HaOJIOJCHHbIX Pa3JIMYHH B IICKTPOJIMTHYeCKUX CBOHCTBAaX OT- 
bHBIX MOAMMUKAWNH KUCJOT AOJIKHbI ObITb MOJICKYJIbl, A HE HOHBI, MOCKOJIBKY 
HM NOJHOW JuccouMallNH 3TH pa3zsHMuNA ucuesarioT. IlocmeqHee OOcTOATEbCTBO » 
X%KHO ABJATBCA NPHYMHOH NpeBpallleHuA MeTacTaOWJbHOH MOLM@NKAaLMu B 
OvbHy1I0. B caMoM jlesie, MOCKOJIbKY MOJICKYyJIbI KHCJIOTbI HAXOAATCA B IH- 
MMYeCKOM PaBHOBeCHH C HOHAMH, TOCTOAHHO JOJKEH MPOMCXOLUTb Mmpowecc 
colualluAcaccolMalluad C TOK, OMHAKO, OCOOeCHHOCTLIO, UTO OOPaTHbIN Mpolecc 
couvalua) OyeT yxKe BeCTH K OOPas0BaHHlO CTAOHJIbHOM a-KOHDHTYypalun 
cxeme: ee 


b-Konpurypalua — | 3HpOBaHHOe COCTOAHHe 
a-koHdurypalnd <— | MYOHH3Hp ’ 


e. K HeoOpaTuMomy ~—>a-npeBpallleHHiO, UTO B AelCTBHUTebHOCTH HW HaOJIHO-- 
TCA. 

Uto KacaeTca KOHUTYpalMOHHbIX Pas/IMUMH Mexy MOJIeKyJaMu «- H f- 
udukalul UCCeqOBaHHbIX KHCJIOT, TO Mbl HX YCMATPHBaeM B Pa3JIMYHbIX 
fax accolMaluu — .uMepHor Jia «%-MoOJHpuKaWHH MW WenOveuHOH WIM BHYT- 
OUeKYIAPHOH Avia f-Modupukalni. 


XapbKOBCKMM MOJHTeXHHUeCKHM MHCTHTYT Iocrynuso 
um. B. VW. Jlenuna 20 III 1959 


UHMTHPOBAHHAA JIATEPATYPA 


1C.C. Ypasosckui, Monexysapueit nommmopdhusm, Kuen, 1956. * C. C. Y pa- 

BCKHH, JLAH, 77, 1039 (1951). 3. Gaaiee Ypasoscxku it, A. UW. Kypucpko, 
Xappkorck. DoOMMMexH: HHCT.,.26, Ba 6, (1959). 45 GC. (Co. Y p arsio Bic K Wet won Ma Kea- 
BCKas, Tp. XapbKopck. NomutexHuu. HHCT., 4, B. 2, 45 (1954). °C. C. Ypa3zos- 
mu, 3. M. Kanexsrcxaa, DAH (pnevam). §P. Walden, Elektrochem. nicht- 
|. Lésungen, Leipzig, 1924. S. 98. 7 R. Fuoss, C. Kraus, J. Am. Chem. Soc., 
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Jloknayn Akagemun nayk CCCP 
1959. Tom 127, Ni 2 


XHMHUYECKAS TEXHOJIOFHA 


WM. HW. KATAMTOPOCKHH u B. A. BJIAHOB 


nOJYYEHME TEPMOCTOHKOLO CTEKJIA METOJOM 
OBOrAWEHHA CTEKJIA KPEMHE3EMOM 


(ITpedcmaeaeno axademuxom H. II. Bapduxeim 19 III 1959) 


Vissecruo (1), uro ueM MpOuHee MexKATOMHbI€ CBAZH KPHCTaJJIMYeCKON CTpyH 
TYPbl, TEM 3Ta CTPyKTypa OOJlajaeT MeHbLeH CMOCOOHOCTHIO K TelJIOBOMY pat) 
mupenuio. Monnple KpHCTaJIbI C HaHOoOsIee MPOUHbIMH MexKaTOMHbIMH CBA3AM{ 
HM€IOT OTHOCHTEJIbHO MaJible KoaPPUIMeHTbI pacliMpeHHaA. 

A. Jlutuemb (?,*) yka3bIBaeT Ha 3aBHCHMOCTb CBOHCTB CTeKJIa OT XapakTep/ 
CBA3H MexK]y aTOMamu. CrpyKTypa CTeKOJI pacCMaTpHBaeTCA HM KaK COBOKYI 
HocTb (SiO,)-rpynn co crpykTypHbimMu rpynnamu RO,. I[pucyrcrBue kKaTHOHO!) 
o6pa3syromlux (RO,)-rpylnbl, MOBbIMAaeT MOABHKHOCTb CTPYKTYPbl, 4TO B CBO. 
ouepelb BeMeT K MOBHILNEHHIO KOSPPHIMeHTA PaclIMpeHUA CTeKJIa. SaTeM aBTO} 
CpaBHMBaeT CHJY MOJIA KATHOHOB H (hakTOPbI PaclIMpeHHA OKHCJIOB, ONpeeuers 
Hbie Muranmiem u TepHepom, Jia pacueta koappulueHta paciIMpeHHa cTeKO} 
MO aAMTHBHOH dopmMyvie. 3a cHy NOMA yCIOBHO HM MpHHHMaeTCA BeJIMUNME) 


yeHHe, YTO MOJIAPHbIM KOSPPMUMEHT PaClWIMPeHHA OKHCJIOB TeM OovIblIe, Ye} 
MeHbIlle CHJIa MOJIA HX KATHOHOB. i 

Takaxacu (') yKa3bIBaeT, UTO PpaclIMpeHve ecTb CeACTBHe H3MCHeEHHH aTOM 
HbIX PaCCTOAHHH Mey aTOMaMH KUCJIOpOa MH KPCMHHA H APyrHMu KaTHOHAaM| 
B CTpykType crekwa. [pynnbr SiO, ovenb CTaGHJIbHbI MW He OKa3bIBalOT OOJIbUIOT} 
BJIMAHHA Ha TelloBoe pacuinpenue. Tlostomy creKJIO c BbICOKHM COjepxKaHHe| 
KPeMHe3eMa ABIACTCA HaHOoJlee TepMOCTOHKUM. } 

Ksaplepoe cTeKJIO Kak MaTepHal WIA Pa3sJIMYHbIX CTOMKUX U3enHi mpey) 
CTAaBJIAeT OObILOH MHTepec, TaK KaK OHO O6aaeT BO MHOPHX OTHOIMeHHAX MOUNT) 
HJeaJIbHBIMH CBOHCTBaMU (TEPMOCTOHKOCTb, AHIEKTPHYeCKHe CBOMCTBA, MPO. 
pauHOCTh AIA yIbTpapworeToOBHIxX JyyeH uw mp.). WIupoKomy BHeypeHuio KBaft 
WeBOrO CTeKJIa MpenATCTByeT AOPOTOBU3Ha, CBA3AHHAA C BbICOKOH TeMMepary} 
po ero nojyyenuaA. TpyqHocTH nosyueHHA KBaplleBoro CTeKJa 3aCTaBHJH Hi) 
cefOBaTeJeh HCKaTb BOSMOXKHOCTH NOJYYCHUA CTeKJIa C BbICOKHM CosepxKaHue} 
KpeMHesema. CTeKJIOM, O1HM3KHM 0 CBOHM (pH3HKO-XHMMUeCCKHM CBOLicTBaM | 
KBaplleBOMY CTeKJIy, HO MOJIy4YaeMbIM MIPH MeHee XKECTKHX YCJIOBHAX, ABJIAeTC! 
cTeKIo «Bukop». '¢ € 4 4 aim i 

CyllHocTb moulyyeHuaA cTeKla «Bukop», KoTOpoe cogepxKuT 96% SiOz, cc 


foTCA HarpeBaHuiO JO NOABMCHHA JIErKOM OMAeCHeHIMH, ABM AIONLelCA, M0-Br) 
AMMOMY, CJIeCTBHeM OOPa30BaHHA UeNOUHBIX OopaTOB M CBUeTeIbCTBYIOUIe| 
© paseleHHH CTeKJIa Ha [Be (basbl: KPeMHe3eM M PaCTBOPMMbIe B MHHePasbHbl| 
KUCOTAX OKHCJIbI HaTpuA UH Oopa. Tlocne pasqenenua cTeKa Ha ca3bl u3qenH| 
MIPOMBIBaloT B TOpAyeH MMHEPaIbHOM KHCMOTe; MPH 9TOM MPOMCXOAUT BbIIILemE! 
UMBaHHe C MOBeEPXHOCTH BTOPOH Pa3bl, MpoTeKatoulee Co cKopoctTsto 0,125 mm/uach 
M OOpa30BaHHe CTeKOJI C MUKPOCKOMMYeCKHMU NOpamH. OSpabotaHHpe B KUCIIC 
Te H3]eJIMA MPOMbIBaIOT B BOJe, CyluaT M MOABepraioT HarpeBy npu 1000—11005 
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IeACTBHe YerO MPOMCXOAHT «3alanBaHHe» NOp B NOBepXHOCTHOM catoe. B pe- 
librate 9Toro NOJy4aroTCA MPOSpadHble HSeHA C HEMOPHCTOH MOBepXHOCTHI, 
Lyepoxamine 96 % KPeMHesema. 
| Takue H3eIMA XapakTepH3yIOTCA CeAYIOULMMH MOKa3aTeAMU: TeMmepa- 
ipa pasMaruenna 1500°, kosdpultueHT TepMuyecKoro paciupeHua mpH 20— 
}0° 7,5-10-", repmoctolikoctb usyqenui Tommunolt 3 mm 1250°, usnenniit ton- 
HoH 6 mm 1000°. 
| Ilo xumuyeckoli crouKocrH moy4YaeMoe CTEKJIO SKBUBAJICHTHO TWIaBJIeHOMY 
japlly: OHO OTHOCUTCA K I ruf~pomuTHMYecKOMy KJlaccy. Creks0 3TO OO6pabaTEI- 
#eTCA B MaMeHH TOPeKM Jlerue, 4EM H3eNHA H3 MaBseHoro KBapua. V3ze- 
Is U3 Hero MIPHMeHAIOTCH B KayeCTBe XHMHYCCKH CTOHKOM mocylbl mpH ToU- 
1X aHaJIHTHYeCKHX padoTrax. OHaKO u3 cTeKIa «BUKOp» HeBO3MOx%KHO TOvy- 
ITh TOJICTOCTEHHEIX H3ferHit. . 
Hacrosilaa padora Oplvia npoBeeHa C WebIO MOJYYATb TEPMOCTOHKOe CTeKIIO 
‘room oOorallieHHa cTeKJla KpeMHe3emom. PaspaOoraHHBIli Hamu cnocob no- 
fueHHA TePMHYeCKH yCTOHYMBOrO CTeKJa OTMYaeTCH OT Jpyrux cnoco6oB 
, WTO BHaUaJIe BAPHTCA arpeccuBHoe GecillesOUHOe CBUHILOBOe CTEKJIO C HEBBI- 
/KOH BASKOCTHIO, B KOTOPOM, Kak B XKHAKOM (haze, PaCTBOPAIOT NONOMHUTeEbHOe 
)IM4eCTBO BHOPOMOJIOTOrO KBaplleBoro MecKa (HIM TeJib KPCMHEBOM KHCJIOTHI), 
)MYUEM [WIA YJIYYWICHHA OCBETJICHHA BBOAMTCA HEOOJbIION MpPOMeHT NoBapeHHoL 
JK. 
B KauecTBe HCXOJHBIX CTeKOJ ObiluIM MCHOMb30BaHBI: 1) GopocumuKaTHOe 
fleko Tuna «IIupeKc», 2) BbICOKOrMMHOZeMHCTOe cTeKJIO, 3) GecienouHOe 
HHILOBOe CTeKIO. CocTaBbl CTeKOJI NpHBeeHbI B TAG. |. 


, 
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eacOwiu ncaa 


XUMHYeCKHH COCTaB MCXOJJHBIX CTeKOJ (B BeCOBbIX MpoleHTax) 


| Tun crexsa SiOz B,O; | ,AlhO; | CaO BaO ZnO PbO ZrOzg | Na2O a+ 10? 
| pocumHKaTHOe 80° 651-12,4 e455 5,5 | 38,9 
ICOKOP IHHO3eMH- 

>TOe 59 Ea 1p 28,50 41 AD || oe} _ - — | 40,1 
MHOBOe (G6ecule- | 

TOUHOe) 43 10 Z o ~- -- 40 By) — | 4t 


Crek10 o6oralllasocb KPe€MHe3€MOM JO MaKCHMaJIbHO BO3MO%KHOrO Mpesesa 
COKOJMCMepCHbIM KBapleBbIM M€CKOM C TOHHHOM Nomoua OT | Wo 20u. Xopowso 
OBapeHHOe H OCBETJICHHOE CTEKJIO H3MEIbYaJIOCb B WaPpOBOM MeJIbHHLe U OOO- 
aylocb KpemuesemoM. IIpumeHauocb: a) 50% OopocuMKaTHOrO CTeKIa WIM 
% BbICOKOPIMHO3eMHCTOrO cTeKsIa HH 50% GecleOUHOrO CBHHIOBOFO CTeK- 
_+ 6) 50% sBu6pomosotoro kBapleBoro necka. B KayecTBe OCBeETJNTEJIA BBO- 
toch 3% NaCl u 0,5% AszOs. 

IIpu narpepanun 60x cTekKsa C BHOPOMOJIOTHIM KBapIeBbIM MeCKOM JO Temnex 
Typhi 1660—1670° mponcxoguT He pacivlaBsJIeHHe, a MOCTeMeHHOe PacTBOpeHH- 
eH KBaplla B KUKON pase (cTeksle). B pesybTaTe TepMHYECKOFO BOS AeHCTBUA 
3epHa mecKa OHH Mpexye Bcero lpeTepmeBaioT MOJMMOpduble MpeBpalile- 
A WM pacTpecKuBaloTcs. 3aTeM, NOX AelHCTBHEM AKUAKOK *a3et, Mmpowece pacTBo- 
HUA 3epeH MecKa MpOLOMKAaeTCA MPeCHMYyLLeCTBEHHO Y MOBEPXHOCTeH TPellHH, 
pesymbTaTe “ero OTJebHbIe 3epHa KBaplla «pasnegaioTcs». I]ponHKHoBenue 
{KO (basbl B TPeULMHbI ITHX 3ePpeH MPOMCXOAUT JTyUWe BCero Y CTEKOJI C MCHB- 
if BASKOCTHIO. Tak Kak HavOOJIbllell BASKOCTbIO pu TemnepaTtype 1650—1670° 
lajlaylO BbICOKOrIMHO3eMHCTOE CTeKJIO, a HaMMeHbIel — OecileO4HOe CBHH- 
BOe CTeKJIO, HaWJyUIHe pesyIbTATHI OblWIH HAMM MOyYeHb! Mp oOoraleHun 
eMHe3eMoOM GecilesIOUHOTO CBHHIOBOrO CTeKa. SHAYHTeIbHO XyxKe OOoralila- 
Cb (MuIOXOe PaCTBOPeHHe, MIOXO OCBETJIEHHE) BbICOKOPIHHO3eMUCTOE CTEKIO. 
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Ha ocHOBaHMM MOJYYeHHEIX pesyJIbTATOB Oblia CHHTeSMpOBaHa CepHA OE 
UI@NOUHbIX CBHHIOBbIX CTeKOJ, KOTOPble xOpomo OOoralllaHcb KPeMHe3eMO 
CocTaBbl CTeKOJI IpHBeseHbI B TaGs. 2. CreKJla BapHJIMCb U3 XMMMYCCKH YHCT 


Ta6Onuna 2 


Xumuyeckuit cocraB GecleMOUHEIX CBHHUWOBbIX CTEKOJ (B BeCOBbIX MpoueHTaXx) 
we ee 
Ne o6pasuoB 


OKHCJIBI 


SiO, 55 | 53 | 51 | 49 | 47 | 45 | 43 | 44 | 39 | 37 | 35 | 33 | 34 | 29 | 27 
B2Os 40.{40 | 10 | 40.) 402) 40°) 40: | 40.11 40s) 40040 MO Aeon HE eh re 


Al,O3 2 |. 2422 pe Del erDeh be Detey Qala Dts Whe Oe Oa ence eee ea es 
PbO 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52 | 54 | 56 
ZtOz Bill Bh Bae5 S| Sep eS ee SC hs Sy eS Ae ee Ronee teen 


MaTepHaios. BapKa OMbITHBIX CTeKOJI MpoBosusacb mpu TemnepatType 1480 
1500° B mlaMOTHO-KaOJIMHOBbIX THIJIAX BMeCCTHMOCTbIO 2 KF CTEKJIOMACCHI, C B) 
jlep2KKol pu STO TemnepaType 4 4aca B aOOpaTOPHOH KePOCHHOBOM Meu Kj} 
MeJIbHOrO THMa c pa3sMepom nofa 50 x 60 cM. 

Creksla XOpOllO NpOBapuuCcb MU MMe KeJTOBaTHIH uBeT. Kosdpumue 
TEPMHYECKOrO paCIIMPpeHHA CTeKO HaxOMcA B Mpefetax oT 34-10% | 
48-10°". Xopowio mpoBapeHHoe OeclilesOuHOe CBHHILOBOe CTeKJIO H3MeJIbYaJIN 
CMELIMBaJIH C BHOPOMOJIOTbIM KBaPplleBbIM MeCKOM (TOHHHOM nomosa oT | || 
20 ») B CleAyIOULHX COOTHOWICHHAX (B BECOBbIX MPOMeHTAaXx): 


Crexso Ne 12 50 40 30 20 
Ksapu. BHOpomon. necok 50 60 70 80 


Cmecb HarpeBaslu JO Temnepatypb! 1670—1690° c BEIepxKKOH 4—6 4ac.| 
KBaplleBbIX BaHHOUKaX pa3smMepoM 300 xX 200 « 100 mM c TomuIHHOH cTeHI} 
10 mm. Takum 06pa30M HaM yJlaJlocb O6o0raTHTb GeciiesIOUHOe CBHHILOBOE CTEK.) 
KpemHesemom Jo 80% 3a cueT pacTBOpeHHA KBaplleBoro MecKa B CTeKJIe. 


Ta6Onuua 3 


XUMHYeCKHA COCTaB HCXOAHOrO H OGOoralleHHbIX CTeKOJ (B BeCOBLIX MpolleHTax) | 


OKHCJbI Mcxomuoe Nei2 ee So, eee OO, Se aoe 82 
SiOz 33 66,5 | U7? 79,9 | 86,6 
BoOs 10 5,0 4,0 3,0 AY, 
Al,03 , a0 0,8 0,6 0,4 
PbO 50 20 20,0 15,0 10,0 
ZrOg i Pai) 250 Ab 1,0 
a-10? 

pacueTHoe 44 PETS 20,9 17,05 13,2 

a-10? | 

H3MepeHHoe 44 2Ono Die 17,6 | 13,8 


B ta61. 3 MpHBeqeHbl cocTaBsI ucxoqHOrO HM OGorallleHHOrO KBapueBb! 
M€CKOM CTeKOJI H HX KOSHUMeHTHI TePMHYeCKOrO pacuIMpeHuA. 
Mp! mpoBeiM Bapky ABYX CTeKO/ HJeHTHYHOTO cocTaBa: HenocpescTBeHI} 
M3 WMXTbI HW 3 CMeCH OeCIeIOUHOrO CBHHILOBOFO CTeKJIa H KBapueBoro Meck) 
Crexsio Ne 12, o6oramieHHoe Ha 60% KpemHe3eMoM, OTBeYalollee coctTat! 
(B BecoBLIX mpoueHtax): SiOz 73,2, BeOs 4, AlsOs 0,8, PbO 20 nu ZrOs | 
IIPOBaPHJIOCb MH OCBETNH/IOCb 3HAYHTENDHO JIYUIe, YeM CTeKIO aHaJlOrHuHo!| 
cocTaBa H3 UIMXTbl, CBapeHHOe B OMMHAKOBbIX YCJIOBHAX, IPH OHO Hu TC 
Ke TemMepatype. | 
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F a OCHOBaHHH pe3ybTATOB Ja6OpaTOPHbIX BAPOK TePMOCTOHKUX CTeKOWI Me- 
JOM OOOrallleHHA OecileOUHbIX CBHHILOBLIX CT€KOJI KP€MHE3eEMOM, B AHBape 
D9 Yr. ObWwIH MpOBeZeHbl BaPKH CTeKOJI Ha BbICOKOUACTOTHOM ycTaHOBKe 
TocyapcTBeHHOM ONTHYECKOM HHCTHTyTe uM. C. VM. Bapunosa. 

CnepBa 6bII0 cBapeHo GecileouHoe CBHHUOBOe cTeKso Ne 12 B KomnuecTBe 
0 xr B 100-nHTpoBOM WaMOTHOM roplike npH TeMnepatype BapKu 1500° u 
ep2xxKe 4 4. CTeksIO XOpOo NpoBapHuocb HU ocBeTHIOCH. Iloce H3MeIbYeHHA 
ekO Ne 12 o6oratllanocb kpemHe3emom Ha 60, 70 u 80%. B KauectBe ocsetT- 
Tena BBezeHbI: 3% NaCl u 0,5% AseOs. B pesyabTate BapKH 9TUX CTeKOU 
KBapleBbIX ropwkax no 40 Kr) Ha BbICOKOYACTOTHOH yCTaHOBKe MpH Temmepa- 
pe !660—1690° u BpiepxKe 6 4. ObIIM TMOYYeHEI xOpOlO nmpoBapeHHpie 
CTATOUHO OCBeTVICHHbIe cTeKuJa. 


MockosckKHit XHMHKO-TexHOOrHyeckHli Tloctynu10 
HucTHTYyT HM. J. MW. Mengeneesa 19 III 1959 


UMTHPOBAHHAA JIMTEPATYPA 


1p. Spauc, Bsenenve B kpHctrannoxumun, M., 1948. 2, A. Dietzel, Glastechn. 
r., 10, 319 (1941). * A. Dietzel, Glastechn. Ber., 83—4, 41 (1948). * Kentaro- 
akahashi, J. Soc. Glass Techn., 87, 3—7, 175 (1958). 


1t* 395 


Jlokxzagn Akagemun mayr CCCP 
1959. Tom 127, Ne 2 


XHMHYECKAA TEXHOJOTH4 


b. A. 3AXAPOB, B. WH. HBAHOB u [. A. KPbIJIOBA 


rOMOrEHH3ALHA [WEJIJIIOJIO3bI NO MOJIEKYJIAPHOMY BECY ‘ 
B MIPOLECCE OTBEJIKH MOCPEACTBOM AKTHBMPOBAHHOrO | 
OKUCJIEHHA 


(IIpedcmaeaeno axademuxom IT. A. Pe6uxdepom 21 III 1959) 


Ina MomyyeHnaA THAPaTWeMIIONOSHbIX BOJIOKOH C TOMOreHHOM HayMovleK 
JAPHOW CTpyKTypol (Cc OMHOPOAHOH OPHeHTalMeH H PaBHOMePHOM IJIOTHOCTES 
yaKOBKH MOJeKyJ1), OOecneyHBalolleli BbICOKHe 3HaYeCHHA KOMMIeKCa CBOHC 
MPOYHOCTH, HEOOXOAHMO HaJIMYHe Ie/JIIOMOSbI, TOMOreHHON MO MOJIeKyJAPHO! 
Becy (+?). Kak moKa3biBaloT Hallld HW JIMTepaTyPHble JaHHbIe, COBPEMeHHb!e CH 
CoObl XHMHYeCKOH TepepaOOTKH TWeMJOMO3HbIX MaTepHaJIOB B HApaTIeJIOJICh 
HbI€ BOJIOKHa He MOryT OGecMeuHTb MOJyYeHHe BbICOKOMPOUHbIX CTPyKTYyP#Hi 
TOMOFeHHBIX BOJIOKOH, TaK KaK IIPHMeHAeMbIe MPOWeccbl, XOTA, KaK MpaBH 


1000 2000 3000 ©3400 


Puc. 1. MonekynapHo-pecopad feTeporeHHOCTb CyJIb(pHTHBIX 
WeJO03, BbIpaxkeHHad Kak (byHKUMA pacmpefzetweHHA Maccbl. 
J — nocae oT6enku (Mo JaHHbIM (°)), 2 — Jo oT6enku 


HU H3MECHAIOT MOJI€KYJIAPHO-BeCOBYIO TeTepOreHHOCTb, HO HE MPHBOAAT K CyIL| 
CTBEHHOM TOMOreHH3alHn Wesuo03bI. [losromy BOSHUKaeT aKTYAaJIbHad 3afla 
MOMPOOHO OLWEHUThb CyLULeCTBYIOWIHe MPOMeccbl C TOUKH 3PeHHA H3MeHeEHHA ToM| 
TeHHOCTH H MO BO3MOXKHOCTH MOJMPHILMPOBaTb HX B HYXKHOM HanpaBJeHHH. 

PaHee HaMH noKa3auHo (°), 4ro OOpaO6oTKa XJIOMKOBOH Hu [peBecHol Wea 
NO3bI, pasOaBJIeHHOH a30THOM KUCMOTOH, MPHBOAUT K 3Ha4uHTebHOM TomoreH! 
3aiMH. Ilonpirku Bouuecca (*) NOBbICHTh TOMOFeHHOCTb COCHOBOH LemIOO! 
B TIpoleccax CybPaTHOH BapKU M OTOeIKH, H3MCHAA JIMUIb OObIUHEIe (aKTOp 
He MPHBeIM K MOJOKUTEIbHBIM pesybTaTaM. Kak calemyer u3 puc. 1, oOnmaHd 
oT6erka (°) ApeBecHOH CyJIbpPHTHOM WeMONOSbI TaKxKe MPHBOAUT K CHHKeHI! 
TOMOreHHOCTH. 

B cBa3v C THM MpeACTaBAO OMpeseJeHHbI MHTepec NonbITaTEca MoOgHd! 
IMpOBaTb OKHCJIMTeJIbHbIH Mpolecc, JexKaulM B OCHOBe OTOeNKH LeIOO 
rHMOXJIOPHTOM HaTpuA. C STOH WesMbIO Mbl HCCJIeEAOBaIH BO3MOXKHOCTH FOMOFeE 
3allM, KOTOPbIe aeT AKTHBHPOBaHHOe OKUCJeHHe. B KayecTBe aKTMBaTOpa If 
MeHeHa Mo¥eBHHa. B vccileqoBaHHH MCHOb3OBaHbI MpenapaTel West0N03 
npuroropjenuple I’. A. Kppuiosoii (°) npH u3yueHun aKTHBUpOBaHHOrO OKUC) 
Hua. POMOreHHOCTL OMpefeaM M0 (pakUHOHHOMY OcaxKeHMIO HUTpPaTOB UE 
Jono3bl. HcxoqHot Wemmon030H cayxKusa cymbaTHad WesO03a, vacTHY 
oT6eeHHad HW OOaropoxeHHas WleOUbIO, KOTOpand HMeeT MOJI€K JIA PHO-BeCOE 
pacnpegesenne, nepeqannoe Ha puc. 2, 3. IIpu Bosgzelicrsuu Ha 3Ty Wermtonc 
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1oxsopHta HaTpus (0,1 r NaClO, pH 11, 20°, mogya Banu 20; 0,5 4.) mpouc- 
MMT OObIUHAA NerpawaluA JWMHHBIX WeEMHbIX MOJeKYs LesOMO3bI. OTcyTer- 
e ueTKOrO MakKcHMyma Ha / (puc. 2) yKasbIBaeT, YTO B 9TOM Mpolecce He Mpo- 
XOMMT TOMOreHH3allHH. 

Ilpu npumMenenuu AKTHBHPOBaHHOMO OKHCIeHHA (IpesBapuTebHaA OOpacor- 
WeJMONO3bl MOYeBHHON MH MoceMyrollee OKUCJIEHHE THMOXJIOPHTOM HaTpuA — 
IApHOe KOsMUeCTBO MOUeBHHEI 0,025, 0,1N NaClO, 20°, mogzyap Banupr 20; 
) ¥.) MPOMCXOMMT 3HAUHTebHaA CnelMpuyeckad TOMOreHH3alHA WeJVIIOOSbI, 
1 KPHBOH PacnpeyeseHuA Maccpl (puc. 2, 2) uMeeTcA cpeqHNH MaKCHMyM TIpH 
sneHH nowMMepHsanun 800. IlockonbKy BpeMa akTHBUpPOBaHHOrO OKHCIeHHA 


500 1000 1900 = 1700 


i 


Puc. 2. Bauanne oT6enKH Ha MOJIeKyJIAPHOBeCOBy!O TeTeporeHHOCTb 

CyMbPAaTHBIX IeO03: 3 — UCXOAHAA WemmM0N03a, YaCTHYHO OTOeMeHHAaA 

H OOmaropoxweHHasd Wenoubw, J — Nocae oT6eKH THNOXJOPHTOM HaTpHA, 
2 — Tlocue oT6eKH THNOXNOPHTOM HaTPpHA B MpPHCyTCTBHM MOUeBHHEI 


0 pa3 MeHbIe, YEM IPH OKHCJIEHHH OAHUM THMOXJIOPHTOM HaTpHA, a Cosepxa- 
€ KapOOHHJIbHBIX MH KapOOKCHJIbHBIX Tpynn B GeIeHBIX IesJIOIOZ3aX B OCHOB- 
M OfMHaKOBO (°), TO HasIMuHe TOMOTeHH3allHH B MPHCyTCTBHM MOUEBHHE! CuJe- 
€T CBASATb C NOBbILMEHHEM JOCTYMHOCTH JJIMHHbIX WeMHbIX MOJeCKYJI JIA OKHC- 
roulero arenta. [[poucxoysauiaa mpH 3TOM cnelnduyeckan erpayauuaA NpH- 
IMT K HaKOMJICHHIO MOJIeKyJ CO cTeneHbIO NomMMepHsainH 800. 
TloppimeHve TOMOreHHOCTH eJJIOO3bI B Mmpolecce oTOeIKH MyTeM MpHMe- 
HHA AaKTHBHPOBaHHOrO OKHCJICHHA MO3BOJIAeET ORUATb, YTO UCMOMb3OBAHHE 
TaJIM3aTOPOB WIM AKTUBATOPOB B pAe NpoOleccoB xuMUYeCKOH COpaooTKH LWeuI- 
WIOSHBIX MaTepHaJIOB WH UX TepepaOoTKH B TuApaTUeNIONO3HbIe BOJOKHA 
3BOJIAT CO3JaTb yCJIOBUA, OOecMeuHBalollHe cieuMduyeckyio erpayaluto u 
BbIMeHHe TOMOFEHHOCTH IleJJOIO3bI MO MOeKYJIAPHOMY Becy B STHX Mporec- 
my 
VucrutyT opranHueckow XHMHH Tocrynuso 


um. H. J. 3enuucKoro 9 III 1959 
Akayemuu HayK CCCP 


WMTHPOBAHHAA JIMNTEPATYPA 
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PEONOrH}\ 
P. A. BUJDKHEB 


O 4YETBEPTHUHOM JEMPECCHH B FOTO-BOCTOHYHOA YACTH 
MPHBEPXOAHCKOFO KPAEBOTO TIPOrHBA 


(ITpedcmaeaexo axademuxom J. B. Haauskunam 13 If 1959) 


C 1950 r. na oOummpHow Teppuropuu LhentpanbHok SAkyTuu akcneqMWMAME 
Bceecorwo3Horo azporeomorMyeckoro TpecTa MpOBOAMTCA NNOWatwaA reosorce 
reomopomoruueckaa cbemMKa Macuirada 1: 1000000. B pesyabrate stux pabc} 
Ha paccMaTpuBaemoH uacTtu JleHo-AMruHcKoro MexypeubaA BiepBble Oni} 
BbIABIeHa TpOMaqHad OOaCTh pacMpocrpaneHuA NMecYaHO-rIMHUCTHIX HW Mecye| 
HbIX OTJIOXKeHHH, BLIMOMHAIOWLUX MOJIOLY10 empeccuio, pacnosoxeHHy!10 Ooupluel 
cpoeli uacTbio B 30He HumkHealaHcKOH mpesropHou Bnaguupt ('). . 

Toma mecuaHO-rIMHHCTbIX OTJIOXKCHHH, BCKPbITHIX CKBa%KA4HAMH KOJIOHKCH 
Boro GypeHHaA UM pa3JIH4HbIMH TOPHbIMH BbIpaGOTKaMH, MmpesqcTaBaAaeT cobo 
upe3BbI¥aHHO CIOKHO MOCTPOSHHbIM KOMMIeKC OOpPa3z0BaHHH a/IOBMabHCe 
O3epHoro TreHe3Hca HM KHe-cpeMHeueTBePTHYHOTO Bo3spacta. | 

XapakTepHod OcOOsHHOCTh:O STHX OTMOK2HHH ABMACTCA MpPHCyTCTBHe 3HEb 
YHTeJIbHOFO KOMMUeCTBA, a HHOFAa M NpeoOmMaanve B HAX JIECCOBUAHBIX KipOc 
HaTHbIX CYIIMHKOB, KaK MpaBHJIO C HeACHO BbIDaK2HHbIMM TEKCTYPHbIMH MIP! 
3HakamMH. B page MyHKTOB C pa3H4HbIX PIyOHH H3 cKBaxKYH (NeNe 19, 5, 37} 
H3BleueHa YrHeTeHHad TOHKOCTBOpYaTad O3epHan cpayHa Pisidium, Valvates 
Gyraulus u Ap. (onpegenenua T. ®. JlyHrepcray3eHa). B ckpamune Ne 19 4x) 
rayOuHe 45—50 nu 60—S6 M mpotfenbl Ba TOpH30HTa YepHoro riMHUCcTOrO rpét 
BHA, CIEMCHTHPOBaHHOFO TeMHO-CepbIM MO YepHOro FyMYCHPpOBaHHbIM HeKapOKt 
HaTHBIM CYPIMHKOM, B CKBaxkuHe Ne 11 B unTrepBane 29—50 M mpofigena 21-meih 
poBadA JIHH3a Jibla UT. QJ. 

B MpwseHcKOA MoONOce aslOBHasbHO-O3epHbIe OOpa30BaHHA epeKpsIT.} 
aJJMOBHAIbHbIMA TpyOo3epHUCTbIMA KOCOCIOMCTSIMA MecKaMH HM cynecsaMy| 
BUJMMO CpeHe-BepXHeYeTBEPTHYHOPO Bo3pacTa, ClaraiowlMMu Oonee HU3KyK} 
Tak Ha3biBaeMy!0 OecTAxcKyiO, Teppacy. Cpequ mecka HepegxKO BeTpeyaioTc) 
MacThl M JIMH3bI MCKOMaeMOFO Mba MOIHOCTH'O OT 1 MH Gonee, CyrmuHKa, ne 
yaHOH TIMHbI HW Ap. 

OnvicbiBaeMbIi KOMIVI€KC YeTBEPTHYHbIX OOPpas0BaHHt JOMKUTCA C pasMbIBO| 
Ha pa3JIM4Hble TOPH3OHTbI TPeTHYHBIX OTMOXKCHHH, MeJla, lOpbl H KeMOpua. B oj} 
HOBaHHH HepeKO MpucyTcTByerT ,Oa3abHbIli ranewHuK. | 

O6acTb PaCMpOcTpaHeHHA aIOBHAaIbHO-O3ePHbIX MeC4aHO-rIMHUCTHIX 
aJIJIOBHAIbHBIX MeCuaHbIX HaKOMeHH OTMMYaeTCA CBOeOOpasHbIM pesbepon 
Ha mepBbixX WHpOKO pasBuT aacHblii pembed ** c adcomOTHbIMA OTMeTKaM| 
BbICOT B cpeqHem OT 220 —240 M H MeHbule (Ha ceBepe) 70 270—280 m u Gonbul 
(Ha tore); OONacTb «GecTAXCKOM» Teppachl 3HaYHTebHO Huxe (B CpequeM or 130-4 
150 M) 4 OOnaqaeT Oouee BEIPAaBHEHHEM perbedom. TularenbHoe Jeumppuposi 
HH€ A9POPOTOMaTePHaOB NOSBOJIMIIO YETKO OTOUTb PpaHUllbl STAX OOPasoBaHAH 
3a HCKJIOYeHHeM, ObITb MOXET, JIMUIb CaMOro 10ro-3anaqHOro MeHO-GOTOMCKON) 
yuacTka. : 


* Homepa CKBaxKHH l0Ka3aHbl Ha puc. |. 


** Aulacbl — KOTJOBHHBI B O6/ACTAX Pa3BHTHA BeYHOM Mep3s10THI, NOKPBITbIC yrOBOH pact 
TeAbHOCTHIO, YaCTO C MeIKHMM O3epaMH. Aslacbl OOpasyloTca BCeACTBHe MpocaqoK MpH BEITal 
BaHHH Morpe6eHHOro Jbfa. 
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Cnelyer OTMeTUTb, 4YTO NecuaHO-rmHHHCTHIe AJIJIIOBHaJIbHO-O3epHble O6paso- 
HMA PasBUTHI TaKxKe H NO MpaBoOepexbio p. Ammana, Nocturaa 40—50 m mout- 


eT (puc. 3), Ho mpoBegeHne rpaHu ux PpacnpocrpaHenna (oco6eHHO ceBep- 
pM) BbISbIBaeT 3HAYHTebHbIe TPyAHOCTH. 


“‘PaccMaTpuBaemblli YeTBepTHUHbIi KOMMVIeKC OTOKeHHE COBePIIeHHO  OT- 
TCTBYeT Ha MeBoGepexbe p. Jenn. us 


| 


_ <1 


‘if - 9 'Boporonyst 


= 


Puc. 1. Cxema cTpoeHua ueTBepTHuHOH empeccuu. 1 — rpanuua 
HuxHeaqaHckoH mpeqropHow Bnagunbl, 2 —rpanula KkKommvexca 
YeETBEPTHUHbIX OTMOKeCHHH Ha MerwKAypeybe Jlenbl, AnqaHa U 
Amru, 3 — Hw30rHNncbl NOOUIBLI YeTBEPTHUHBIX OTOXKeHHH, Mpo- 
BegeHHple yepes 20 mM, 4 — mpeqnomaraemble M30rHnCcbl MOJOUIBbI 
YeTBEPTHUHbIX OTOMRKCHHH, MpoBeseHHbIe yepes 20 m, 5 — mvtoulayb 
PpacMpocTpaHeHHA MeCuaHbIX AJIJIIOBHAJIbHbIX OTMOKeHHU «OecTAX- 
ckol» Teppacnl p. Jlenbl, 6 — noulayqb pacmpocTpaHeHHA aJJIOBHA 
HH3KHX Teppac Pp. JlenbI, 7 — TouKH HaOmIoqeHHA Ha pp. Auqane 
wu JleHe H aOCOMIOTHBIG OTMETKH MOJOWBbI YeCTBEPTHUHIX OTIOMKe- 
Huu. 8a — HOMep CKBaxKUHHbI, 86 — aOcomOTHAad ,OTMETKA NOJOUIBbI 
YeTBEPTHUHBIX OTIOXKeHHH, 9 — NPAMOJIHHEHHBIM yuacToK seBoro 
Oepera p. JlenbI, oTpaxalomluH mpeanomaraempl riayOHHHbI pa3- 
JIOM (BO3MO2KHO, CO B36pocom) 


a 
eL_Ge]7( cis}e Lo Jo 


C MOMOMLbIO KOJIOHKOBOTO OypeHHA Yalocb BHIXCHHTh OOH xXapakTep 
MCOMETPHH MOJOWIBLI pacCMaTPHBaeMOH YeTBePTHYHOH Tom (pe. 1). Kak 
HO 43 CXEMBI MU pa3pe3oB (puc. 1—3), crpoeHHe JoueTBepTHYHOH morpeOeHHOoH 
BeEPXHOCTH JOCTaTOUHO CJIOXKHO. 
Han6Oosee HU3KOe PHMCOMeTPHYeCKOe MOMOMeHHE ITOH MOBEPXHOCTH MpUuypo- 
HO IIPHMepHO K y4acTKY, PacnoOKeHHOMY Ha CepeHHe paccTOAHHA Mexy 
AkyTCKOM H noc. Amro. 3fecb (ukcupyeTcaA pe3sKoe Norpy2keHve NOJOLWBE! 
orO-BOcTOKa (a6cOJIOTHAA OTMeTKA B CKBaxKHHEe Ne 20 + 217 M) Ha ceBepo-3a- 
I, (ipHMepHo Jo nm. Mata; aOcomioTHad OTMeTKa B CKBaxHHe Ne 18 + 10 mM), 
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a 3aT@M BHOBb HeKoTopoe ee moBbilieHHe K p. Jlewe (+65 M). Mutepecha akon} 
MePHOCTb B H3MCHCHHH THMCOMeTpHyeCKOrO NOMOKCHHA norpeO6eHHoro oye; 
BePTHUHOFO pesbeda c ceBepo-BOCTOKa Ha 10ro-3anaq. Buayase Oa OYCHb Me} 
jleHHO MoBbIuaerca (npHMepHo oT +120 M ua p. Angane JO +158 M B CKBaxKHE}E 
Ne 3) BMecTe C NOBBILICHHEM COBPeMeEHHOTO pedbeta, 3aTeM IKE NOCTATONHO Pej 
Ko norpykaercs (+125 m B cKBaxuHe No 9 u +105 M B CKBaxKHHE Ne 19). Fi 
mpapobepexbe p. AmfaHa JOYeTBePTHYHAA MOBePXHOCTh MOAHHMAeTCH Ha Cif 


0 2B 40 BWkn 


Puc. 2. Peonormueckuti paspes3 no .HHHN A—B (co. puc. 1) 


Bep, B cropony Bepxosuckux rop. Ha Jleno-Boromckom Bojopa3fese nMoxoul 
aJIJIOBHaJIbHO-O3€PHBIX OTJIOXKeHHH pacmoslox*weHa Ha BbICOTe OKONO +200 1 
CxspaxkuHa Ne 8, npoliaa Gomee 70 M, He BbIIIa 3 aJIJIIOBAA NecuaHon Teppach} 
YTO He MO3BOJHJIO YCTAHOBHTb THMCOMeTPHYeCKOe NOOReHHE MOMOUIBHI YeETBE! 
THUHBIX OTJIOXKeHHH. ) 

[Ipo6ypen pay cKBaxKHH UM Ha sJeBoGepexte p. JleHbI (B Tr. AkyTcKe H Ow 
Hero), 3aIO%KeCHHBIX Ha HH3KHX HafMoHMeHHBIX Teppacax. Ha rayOuHe 20-} 


m i Lo ne 
400 400 
500 = JOG 
20P EY, 200 
to 3° ie 100 


ef: Cm 
0 5 10 15 2 25km 
————E | 


Puce. 3. Teomormuecknit paspes no aunun B —T (cm. pnue. 1) 


30 M NOX MOJOAbIM NOHMCHHDIM aJJIOBHeM BCKPBITBI 1opcKHe (cKBaxKUHBI Ne| 
u 47) u TpeTuuHble (cKBaxKuHHE! Ne 11 nu 12) ormoxenua. 
Avanu3 pacmpeyeseHua aOcoJOTHbIX OTMeETOK MOJOLIBbI YeTBeEPTHUHEIX Oo} 
JIO%KeHHH BbIsbIBAeT HEOOXOAMMOCTb, XOTA NOKa HW MpeANOMORKUTeIbHO, pUc| 
BaTb Ha paBom Gepery p. Jlenbl, npumMepHo Mexyy nn. Malia n Hamu, cpa 
HHTCIbHO y3kOe NorpeOeHHOe JOYeTBEPTHYHOe NMOHHKeHHe, HaNOMMHAIOUL| 
HeriyOoKHi POB C MHHHMAJIbHbIMH aOCOJIOTHBIMH OTMeTKaMH Ha ero nopsaytl 
ot +10 no —10 M. B toxnoli vacru o6acTH pacnpoctpaneHua YeTBepTHUHEIX oO} 
JOKEHHM YETKO BUAHO PesKoe NOrpy2xKeHHe MOJOWBHI YeTBEPTHYHBIX OTIORKEHIS 
Ha ceBep HM ceBepo-3amaq. 

BeJIM4HHa MOILHOCTH yYKa3aHHbIX OTJOXKEHUM 3aBHCHT BO MHOFOM Kak OT co} 
PpeMeHHOM THMCOMeTpHH NOBePXHOCTH TeppHTOPMH, TaK M OT ruNcoMeTpHH M| 
rpeOeHHoro JoueTBepTu4Horo pembeda. Kak BuAHO U3 pa3pe30B, MOLIHOC} 
aJIJIOBHaJIbHO-O3CPHBIX OTMOAKEHHH AOCTHTaeT 3HAYHTEIbHOM BeJMUMHBI (B ckB| 
»KuHe Ne 19 npoliyeHo oKosto 130M, B cKBaxnHe NOY 30 M, B cKBaxKHHe No} 
42 M, B cKBamuHe Ne 3 82 M, B cKBaxuHe Ne 4 oxono 20 mM u Tt. 1. 
K cepepy, BMecTe C MOHHKeHHEM Pewbeda H MOBepXHOCTH MorpeGeHHOoro oue| 
BePTHYHOTO pesbeta, YMeHbIaeTCH HM MOMIHOCTh 3a CUeT, BCPOATHO, pal 
pylWleHHA HX B MpHasaHcKkow actu. 

CreyeT OTMeTHTb, 4TO, HECOMHeHHO, norpeOeHHbili pebed) umeeT bos} 
clorkHoe cTpoenne. IIpupefennpli MaTepHad pucyeT JIMUIb OOULYI0 3aKOHOMe 
HOCTb B pacpeZeeHHH THNCOMeTpHU MorpeGeHHOrO pembeda B paccMaTpuBa 
MOH OOacTH. 
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JlaibHelive feraibHble paGorbl C MpHMeHeHHeM OypeHHA NOBsBOUIAT, Be- 
THO, JaTb Ooslee ueTKy!0 KapTHHY CTpoeHHA MorpeOeHHoro AOueTBeEpTHYHOTO 
[aa 
Takum oOpasom, konpury pans OOaCTH pa3BHTHA paccCMaTpHBaeMOro KOM- 
exca YeTBEPTHUHBIX OTJIOXKEHHU, CBOeCOOPa3sHaA THNCOMeTPHA ero MOJOLIBHI, 
JIbIUMe MOLLHOCTH 3aCTaBJIAIOT CUMTATb, YTO B YeTBeEPTHYHOe BpeMA Ha pac- 
aTpHBaemoli TepPpHTOPUM Mex LypeubA Jlensr, Anjana u Amru MPOHCXOMMJH 
yCKaHHA SeMHOM MOBepXHOCTH C bopmupoBanuem MOJIONOH TeKTOHHYeCKOH 
mpeccHH, yHacJleqoBaBleH CBOe pa3BHTHe C TPeTHYHOFO BpeMeHH, T. €. CO 
eMeHH (OpMHpoBaHHA HurkHealaHCKOH MpexTOpHOH BralHHbl. 
UerpepTuunaa elpeccuA ABJIACTCA, BHXMMO, MHIPHPYIOUHM 9/1eMeHTOM 
DOWeEM ONyCKaHHH STOH TeppHTOpHH. Kak BHJHO H3 puc. 1 H 2, yuacTOK Ha- 
Ombulero Mporn6a yerBepTHyHoOH empeccuH pacnoO*KeH 3HAYHTEbHO 10%K- 
€ OCH MaKCHMaJbHOro mporuOanua Huxueanganckoli pnagnubl. IIpu stom 
JO MOOaBUuTh, YTO MHIpalluA ONyCKaHH UJeT NO AMHUM, NepneHANKyApHOH 
PXOAHCKOIt TOpHOH OOacTU, HM NpezcTaBJineT COOOH, TEM CaMbIM, KaK Obl T10- 
pewHoe onyckanue. Bmecte c MHrpHpOBaHHeM MaKCHMYMOB mporHa o6acTb 
ycKaHHii B TO Ke BpeMA HU MOKAaMH3yeTCH, Cy*KaeTcaA. 
IlpHuvHok BO3HHKHOBeHHA NOLOOHOrO NoNepeuHOrO ONycKaHHA, HavaBle- 
CA, BUHMO, ellie C BeEPXHEMEJIOBOrO BPeMeHH HM MpOMOKaloulerocA JOHbIHe, 
YT ABHTbCA, MO BCeH BEPOATHOCTH, MOMEPedHble MOKAJIbHbIC NOLHATHA B OO- 
cmH Bepxosuba u IIpnpepxoaHba. Ha aoKadbHbI XapakTep BO3/{bIMaHHA 
DXOAHbA YKa3bIBalOT BbICOKaA CeHCMMUHOCTh OTJEJIbHbIX efO yuacTKOB (*), 

KaJIbHbIM XapakTep pacnpeleJeHHA BbIPAaBHEHHbIX MOBepXHocTeH B Bepxosu- 
MX Topax H pA Apyrux reomopdouworuyeckux MpH3HaKOB. 

MWrax, paccmotpeHHaa o6actb Llentpanbuol SKkyTuu B Mexyypeupe Jlenbt, 
jana u AMru mpescTaBaser coOol O6MIMpHbI MOOHJIbHbI yyacTOK Ha TeppH- 
puH IIpuBepxosHckoro KpaeBoro mporH6a c ABHO BbIpaxKeHHOH TeHAeHUMel 
nporn6aHnw. 


BeecowsHElli agporeomorvueckult TpecT Tlocrynuio 
4 II 1959 


UMTHMPOBAHHAA JIMTEPATYPA 


1p. A. Bugwmues, JJAH, 111, Ne 2(1956). 2H. VU. Hukowmaes, Cos. reon., 
48 (1956). 
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Jlokxanm Akangemun nayx CCCP 
1959. Tom 127, Ne 2 


rEOJIOrA\ 


H. A. BOFAHOB 


CTPATHFPA®HA BEPXHEFO OPJOBUKA HW HW)KHETO CHJIYPA © 
FOXQKHOW UACTH xp. TAC-XASXTAX (xp. UEPCKOPO) 


(ITpedcmaeaeno axademuxom H. C. Iamexum 10 III 1959) 


Tac-xaaxTax mpeycTaBsaeT coOol ceBepo-3anaqHy!0 YaCTb OFPOMHOM To} 
HOH cHcTembl xp. Uepcxoro. OGpamMiaa c 3anaqa Spipauckylo Bnaguny, Tél) 
XAAXTAX ABJIACTCA .OKPaHHHbIM MOAHATHeM KosbIMcKoro cpeAMHHOrO MaCCcH 
(?), OCHOBHYIO 4acTb KOTOPOrO C/laraloT NOpOAbl HHKHEFO MH CpefHero Nameo3s0g 

Tlameosofickve OTJIOXKeHHA CpeAHHHOTO MaccHBa JO MocseqHero Bpemel 
Han6oslee MOHO Obluiu usyyeHb! A. A. Hukosaespim (') B OmyviepcKHx ropa 
(oro-BocTouHad YacTb xp. UepcxKoro). Mm Obit cocTaBleH JeTaIbHbIM CTpaT 
rpaduyeckui pa3spe3 Maeo30a 9sTorO patona. K o6pa30BaHHAM HM KHECHJY PH 
ckoro Bospacta A. A. HukowaeBbiIM OTHOCHJIMCb YeTbIPe JIMTOMOFHYeCKH OTM 
Hble [pyr OT Apyra TOW: KPHBYHCKad (HMKHHH JaHJOBepH), WapnupcKi 
(cpeqHHH ‘IaHOBepH) HW OMysIeBCKasd (CpeqHH HM BEPXHHH JaHOBepH) CBHiE 
H OTJIOXKeHHA' BeHIOKa. B nocsesyoulMe Tosbl paspes3 OPAOBUKa HW HH KHE 
culypa OmyweBckux rop Obl ReTasibHo usyuyen M. H. Uyraesot u aBropo 
B pe3yibTaTe 3THX PpaOoT OblvIO yCTaHOBJICHO, YTO YaCTb OTIOXKCHHH, OTHOCHMEM 
panee A. A. Hukomaespim /k 1aHOBepu, a HMeHHO — KPHBYHCKad HW Japnuy 
CKaa CBHTbI, OTHOCATCA K CPeMHeEMY OPJOBHKY, a B HMKHeH YaCTH OMyseBCK 
CBUTbI Oblia BbIAeIeHa XaPKHHJQKHMHCKaA CBHTa BePXHeJaHJeKOBCKOrO +4 
KapayOKCKOro BospacTta. O6pa30BaHHA OPAOBNKa H CHJypa B Mpeyemax Tac-xans 
Taxa ObIIM H3y4eHbI BECbMa Cj1a00, XOTA HM MpeACTaBJIAIOT HECOMHEHHbIM MHTeps 
JIA H3YYCHHA HCTOPHA pa3sBHTHA B Masleo30e BCeli 3anaHOH uacTH KoubIMCcKOl| 
cpeqHHHOro MaccuBa. ABTOPOM aHHOH cTaTbH meTom 1958 r. 6blmM nomyuerl 
HOBbIe JaHHble MO CTpaTHrpapHW BepXHeOPMOBHKCKUX HM HMKHECHJIYPHiicKE! 
OTJIOKeHHH 1O*KHOK uacTHi xp. Tac-xaaxtTax. [IpeqBapuTenbHoe onpezesen)} 
cOOpaHHbIX B HHUX FpalTOMHTOB Opiwio cyenaHo A. M. O6yTom, KoTopomy aBTc} 
BbIpPaxKaeT CBOIO rIyOoKy!0 |MpH3HaTe/IbHOCTb. 

Tlopogp! opqopuka HW HMKHErO CHIypa B 3TOM uacTH xpeOTa csaraioT 10M) 
samayHoe Kpblio YuyrelickoH aHTukHHaIH. Hav6onee MoMHO M XOpoLO On 
OOHaKalOTCA B YKHBONMCHOH one p. Yuyreli-ropax. 3yecb coBepuieHHO C| 
rlacHO Ha MOULHOH TOJIMLe A3BECTHAKOB H JOJIOMATH3HPOBaHHbIX H3BeCTHAKC 
cpeqHero OpMOBHKa 3aseraloT PIMHMCTHIe CaHUbl M M3BeCTHAKM XapKHHIDKH'| 
CKOH CBUTHI. 
CxemaTwyecku paspe3 CBHTbI nO p. Yuyreli-iopax cuelyrounii (cun:} 
BBepX): 

1. Uepupie uw cepeOpucTo-yepHbie H3BeCTKOBO-rJIMHUCTHIC HW PIMHUCTHIC cua} 
Ibl C TOHKHMH, Zo 10—30 cM MonHOCTbIO, MPOCMOAMM CePbIX MeJIKO3ePHHCTH} 
M3BeCTHAKOB. B cmaHax Opwid coOpaubl rpantomutst Climacograptus bicorn| 
(Hall), Dicellograptus sp. u Dirplograptus sp. indet. . . . Momnoctn 30) 

2. Uepeqopanne CepbiX HW TeEMHO-CepbIX, MeCTaMH CyIa6o0 NecuaHHCTHIX u3BeC} 
HAKOB C MPOCJIOAMH TEMHO-CePbIX, MOUTH YePHbIX PIMHHCTEIX H MecuaHo-riuH| 
CTbIX ClaHues C rpantorutamu Diplograptus multidens Elles et Wood, Dicty| 
nema sp., Dicellograptus divaricatus Hall, Dicellograptus sp., Dicranogra’ 
tus aff. celticus Elles et Wood, Dicranograptus sp. u Climacograptus af 
antiquus ‘(Hall). 20. - ). 2 2 ee err ate 
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3. Cepble H *KeyITOBaTO-cepble CpeMHeMNTUATEIe MH MaCCHBHBIe necuaHHcTble 
eCTHAKH, B OCHOBaHHH Na4KH ObWIM BCTpeyeHbI rpantomurtst Dicellograptus 
, Dicranograptus sp., Climacograptus ex gr. bicornis (Hall) u Diplograptus 
midet. . 2°. ors Sea a Cis ge te i et ey marae AL Ain taaid 1a) hi8! (a Gn) Sandee Y 
O6ulad MOULHOCTh XAPKMHIXKHHCKOH cBUTEI NocTuraerT 180 M. 
Bole NO paspesy coriacHo Ha MecuaHHCTHIX H3BeECTHAKAX XapKHH2KHHCKOM 
[Tb 3a1€PaioT OTMOXKCHUA OMYJEBCKOH CBUTHI (CHH3Yy BBepx): 
1. UepenopaHue uepHbix TOHKOCMON- 


Sood 


IX FIIMHUCTbIX Canes 4enmpanenaa vacmb 
MBice bIX, MOUTH Sa arate Tere EDS 

pbIX, €PHbIX, TOHKOMJIa- St ie ehae 
BLIX M3BeCTHAKOB. B caanax BcTpe- HA boedanoby (19572) 


OTCA KapaBaeoOpa3Hble H3BECTKOBHCThIC 
HKpelMH fo 30—40’cm B jMamerTpe. 
LHOCTh [IPOCIOeB H3BeECTHAKOB B HUK- flea ome 
; , ap. TAC-XQAXITIAX 
A “uacTH MauKH focTHraeT 25—30 cm 4 a 
cTEMCHHO YBEJINYHBaeTCA BBepX M10 pa3- i os in m 
3y Zo S50—70 cm. B ocHoBaHuuw mayuKH B . 
—AHWaX ObIIH cCcOOpaHbl rpanTouHTpl 
plograptus sp. indet., Monograptus sp. 
Pernerograptus sp. B BepxHel uacTu 
4KH B-TpeyatoTtca Monograptus aff. 
igwicki (M’Coy) u Diplograptus sp. 


pees me Sl Monnoers. 80m asl 
2. Cepble Hu cCBeTIO-cepbie O4eHb SUS 
OTHBIE CPpeHeMacTOBble H3BeCTHAKH Sal 
eee. 2.) Momnocrs'50 ™ SES 
ES] S 

3. UepeqopaHHe u4epHbIX TOHKOCJION- 88S 
IX  H3BECTKOBO-IIHHHCTbIX  CjaHIleB S|S 


TEMHO-CepbIX TOOCUATHIX TOHKOMJIMT- 
TIX U3BeCTHAKOB. MourHocTb mpo- 


O€@B MOCIeIHHX He mpeBbuaeT 10O— 8 
cm. B pepxax Mauku ObWwH Halen: S § 
. . & : 
mograptus ex gr. flemingi (Salter), SiS S 
ttograptus sp. wu Pristiograptus sp. SAS s 
meee 22), 0... oMomnoern 70m Nas 
IN nS 
SMS 
SN is 
x8 
SN 


Ge, 
Sd 


c. 1. Conoctapnenue "paspe30B BepXHero opyo- 
«a WU HMKHeErO CHuypa, loro-3amaqHoH actu 
JIBIMCKOTO CpeqH 4HOrO MaccHBa. /— H3BeCTHAKH, 
—TMe@CuaHHCTbIe U3BeCTHAKH, 3 — OOMHTHI, 
—Mepremu, 5 -— TIHHHCTbIe H M3BeCTKOBO-TJIH- sass 8 ES] 2 ai 
CThIe CulaHbl, 6 — M3BeCTKOBHCTbIC KOHKPellHu 

i a rr —— rr ===( 


O6ulad MOWHOCTb OMYJIEBCKOM CBHTHI B pa3spese no p. Yuyreli-lopax ocTH- 
eT 200 M. 

OnucaHHble BbIWMe OTJIOKCHHA 3aKJIOUAIOT 3HAYMTeIbHOe YHCIO rpanTomH- 
B, HAXO*KMeCHHeE KOTOPHIX MO3BOJIAeT CeaTb CJIeLYIOWHe BbLIBOZbI O BO3pacTe 
leljaroulux mopoy. B xapKHHJXKHHCKOH CBHTe ObIJIM BCTPeyeHbI rpanto/HTHl, 
CTAB KOTOPbIX H€CKOJIbKO Pa3JIH4eH B HM2KHeH HW CpefHel uacTu pa3spe3a. Jia 
OKHeH ero uaCTH XapakTepHbl Climacograptus bicornis (Hall), Dicellograptus 
varicatus Holl u Diplograptus multidens Elles et Wood. 

HaxomyeHve 9THX BHUJOB CBHJeTeJIbCTBYeT O BePXHEeJJaHJeHJIOBCKOM BO3- 
cte (zona Diplograptus multidens) Hu30B cBuTbI. Co6paHuble B cpeqHel ua- 
M paspesa Dicranograptus sp., Dicellograptus sp., Diplograptus sp. indet., mo 
ieHuio A. M. OG6ytTa, yKa3bIBaloT Ha HHXKHIOIO YaCTh KapaflOKCKOrO sApyca 
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TakHM OOpa30M, BO3pacT BCeH XaPKHHJVKHHCKOM CBHTbI COOTBETCTBYeT Bep|é 
HeMYy JlwlaHJeHio — KapajyoKy. | 
HeckoubKO HHOM KOMMIe€KC rpalTOJHTOB BCTpeyeH B OTJOMKCHHAX OMYJE | 
cKoli CBuTHI. B raHHHCTHIX CaHWax, HemocpeACTBeHHO MOKPbIBaIOWIMX XaPKHH | 
*KHHCKHE H3BECTHAKH, ObWIM HaliJeHbl TpanTOMHTbI JOBOJIbHO MJIOXOH COXpa jf 
HOCTH, Cpe4H KOTOpPbIX yJavlocb onpegzeauTb Monograptus sp., Diplograptus s § 
indet. u Pernerograptus sp., JaTHpyloulve BOSPaCT STO YaCTH Paspesa Kak Bep2h 
HWKHEero JlaHfsoBepu. BerpeyeHHble B cpeaxveli uacTH paspesa cBuTbI Monogra 
tus aff. sedgwicki (M’Coy) u Diplograptus sp. ykKa3bIBaloT, MO MHeHH® 
A. M. O6yta, Ha BepxHHii JlaHfoBepu, a rpantouutb! Monograptus ex g} 
flemingi (Salter), Cyrtograptus sp. u Pristiograptus sp., coOpaHHble B ClaHii 
BePpXOB OMYJIe€BCKOH CBHTbI, CBHJeTeILCTBYIOT O BePXHEBEHJIOKCKOM 1)} 
Bo3pacte. B WesOM OMyJIeBCKaA CBHTA MOKET ObITh AOCTATOUHO YBEPeHHO OTH] 
ceHa K JJaHJOBepHHCKOMY H BeHJIOKCKOMY ApyCaM HM KHerO CHJlypa. if 

CyMMUupyA TIpHBeJeHHbIN BbILWe paspes3 BePXHeCOPAOBHKCKHX HM HHKH 
CHJIYPHHCKHX OTJOXKeHHH WOXRKHOM uacTH xp. Tac-xaaxTax, culeqyeT OTMeTHT# 
4TO He ylaeTCA YCTAHOBUTb KaKHX-JIHOO CIEOB NepepbIBOB B OCaKOHAaKOIMJIeH 
M@KILY OPMOBHKOM H CHJIYpOM-H B BepxXaX BeHJOKa, Ha KOTOPbIe yKa3biBa 
A. A. Hukxonaep B Omymepckux ropax. Kak B WesOM, TaK H B JleTa/lAX OH X) 
POO COMOCTABACTCA C Pa3spe30M OJHOBOSPacTHbIX OOPas0BaHHH STOFO Pahol 
(cM. puc. 1), mHTONOrHUeCKH BbI,epxKUBaACh NO MPOCTHPaHHio B WPO-BOCTOUHC 
HanpaBulenun Ha 400—450 km. 

Takas BbIepKaHHOCTh B COCTaBe NOSBOJIAeT HAM MIpeANOJaraTh, 4TO Ha ph 
TAXKCHHH BeEPXHeFO OPAOBUKA HW HUXKHEFO CHypa B Npesesax Bcel wro-3ana 
HoH uactH KosibiMcKoro cpeMHHHOTO MaCCHBa CYIIe€CTBOBaJIH BeCbMa CXOJHE 
TCKTOHHYeCKHe YCJIOBHA. 


TeonormuecKHli HHCTHTYT Tloctynusio: 
Axkajemuu HaykK CCCP 24 IT 1959 


HMTMPOBAHHAA JIUTEPATYPA 


aes, Matep. no reo. H Nome3H. UCKoN. ceB.-Boct. CCCP, Maraga . 
.Wymaposckuik, Bona. MOU, Ne 5 (1956). 
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Joxazangn Akagemun nayxk CCCP 
1959. Tom 127, Ni 2 


PEOJIOTH A 


MW. WM. BAPJIAMOB 


HEKOTOPDbIE JAHHbIE O BOSPACTE JEHYJAILMOHHbIX 
MOBEPXHOCTEH IO)KHOM YACTH 3AMAJHOTO CKJIOHA 
BAUIKAPCKOPO YPAJIA 


(ITpedcmaeaeno axademuxom H. TI. Pepacumoeeim 27 II 1959) 


- 


HapecTHO, 4TO B NpoOJIeMe H3yYeHHA APYCHOCTH pembetba YpasbcKol rop- 
HM CHCTeMbI HaHOoulee 3IOOOLHEBHBIM HM JMCKYCCHOHHBIM ABJIAeTCH BOMpoc 
Bospacre JeHyalHOHHbIx noBepxHoctel. IlocmeqHue OObIIMHCTBOM McCue O- 
Tene (1~*) JaTupyloTcaA mpeAMOOAKUTeEMbHO B MHTepBaJe OT BepXHero Maveo- 
Af WIM OT M€3030H (BO3PacT CaMOH BBICOKOH MOBepXHOCTH) JO TpeTH4HOrO Me- 
(ofa (BO3pacT HH2KHeH MOBePXHOCTH) BKJIOUNTeIbHO. CyekyeT OTMETHTb, YTO 
\EOHTONOFHYeCKOrO MaTepHasia [IX OOOCHOBaHHA BO3pacTa 3THX MOBeEPXHO- 
eli B H3BECTHOH HaM JIMTepaType He HMeeTCS. 

B npefetax toxKHOH 4“acTH 3anagqHoro cKoHa BawkupcKoro Ypasa BnouJlHe 
TKO BbIJeAIOTCA TPH JeHYalHOHHbIe MOBEPXHOCTH UH OTJeJIbHbIe OCTAHIIbI 
ee BbICOKOrTO Apyca pesbeda. IInomjaqb pacmpocrpaHeHHaA HX MoKa3aHa 
1 puc. |. 

Ileppaav (HU KHAA) REHYRAUNHOHHAA NOBEPXHOCThL 
|paKTeEPH3yeTCA OOIYHO PPAOBO-XOJIMHCTHIM PebePoM, C HaJIHUHeM MJIOCKHX 
TIJIOCKO-XOJIMHCTHIX yuacTKOB. AGcOuIOTHbIe BbICOTb! ee Ha HyrymicKo-beub- 
(OM MexKypeube COCTAaBJIAIOT B OOJIbUIHHCTBe cTyuaeB 420—460 M, a B palone 
yaBOOepeXKHOH uacTH OacceliHa p. Caxmappr 360—420 m. Hay fonuHamu 
y. Besou, Hyrymia u Cakmapbi lepBax MOBepXHOCTb BOsBbIllaeTca Ha 200— 
0M. Ora noBepXHocTb B Oacceline p. Bemoli csloxkeHa B OCHOBHOM IIpoTepo30H- 
‘UMM HW Mawleo3OHCKHMM TopoyaMu, a B mpefemax Caxmapo-Mkckoro mexyy- 
Iba — BePXHeMaJleo3OHCKHMH WM YaCTHYHO CHJIYpHHCKO-HHKHEeBOHCKUMH. 

Bropaswt ReHyRawvHOHHAA NOBEPXHOCTSB UMeeT HanOob- 
ee pacnpocrpaHeHnue, MO cpaBHeHHI0 Cc ApyruMu noBepxHoctamu. B npemenax 
aKMapo-Mkckoro MexKypeubA OHA B OCHOBHOM MOJIOro-yBaJIHcTad (Cc HaJIH4HeM 
BOJIbHO OOWIMPHbIX MJIOCKHX MpoOcTpaHcTB), a B pahoHue HyryutcKo-besbcKo- 
) — MPe€HMYIMeCTBeEHHO rpsjoBaa, HOO yBaslHcTO-rpajoBaxA. AOcOJIOTHBIe BBI- 
Thl BTOPOH MOBEPXHOCTH 3ecb KOMeOOTCA OOEIMHO OT 480 jo 500 M u NocTe- 
‘HHO YMCHDIUaIOTCA B }OXKHOM H OTUACTH B 3anasHOM HampaBsenusax. IIpeBni- 
eHve JaHHOH MOBePXHOCTH Hak HW2KHeEH B OOJIbUIMHCTBE CJTyuaeB COCTABJIAeT 
O—120 mM. 

Bropaa moBepXxHocTb, Kak M Ooulee BbICOKHe APycbl pesmbeca, coO*weHa Mmpe- 
{YIIleCTBEHHO TIpOTepo3OHCKHMM HM Tadeo30HCKHMH OOpa3s0BaHHAMH. 

TperTba feuyRanuvoHHacr NOBEPXHOCTh, Ha sMeBobe- 
Kbe p. Suaupa XapakTepH3yeTCA IMMIOCKO-XOJIMHCTbIM HV pexkKe YyBaJIMCTbIM 
Ibedom. B patone xe BempcKo-Mkckoro u Hyryuicxo-besmbckoro Mexyype- 
i OHA MpeMMYILecTBeHHO rpAyoBan. 

AGcosI0THbIe BbICOTbI TpeTbeli MOBEPXHOCTH KOJeOJIOTCH 3eCb B OCHOBHOM 
- 640 xo 700 M. Sta nNoBepxXHOCTb BOSBbIIiaeTCA Hall BTOPOH MOBepXHOCTbIO B 
JIbUIMHCTBe CiyuaeB Ha 140—160 om. 

B patione Hyryuicko-bembcekoro MexyypeubaA BCTpeualoTcA JeHyalMOHHBIe 
TaHI{bl, BOSBbIMAMULHeCA Hak TpeTbell MOBepXHOcTHIO OGHIMHO Ha 80—120 o. 
OCOJMOTHBIE BbICOTHI HX JocTuraroT 760—800 M, a B CeBepO-BOCTOUHOM yruly 
iHoHa — 860—900 . 

Ha maocKux yuacTKax OMMCaHHbIX JeHyalMOHHbIX MOBePXHOCTeH CKBaxKH- 
IMM py4Horo OypeHuA HM utypdhaMH BCKPHITH! PHIXMbIe OOPasoBaHHA (CYTVIMHKH 


405 


a 


H MeCuaHHcTble MIHHbI) MoUulHOCTb NOceqHAX B Mmpesenax STHX YYaCTKOB pech, 
KoleOletca (ot O—0,5 no 10 M u Oonee). i 
“~ Bexppitpie Gypenuem uM wypcaMH CYyPHHKM H MeCYaHHCTbIe TVIMHBI iB 
OOJIbLIMHCTBE CJIyuaeB HeACHOCJIOHCTHIe, COfepxKaT B PasM4YHOK CTeNes 
BbIBETPevIble OOJIOMKH TeX «KOPCHHbIX» NMOpOA, KOTOPHIe CJlararloT Ppaclpe 
JOXKeHHY!IO BOH3H (K NyHKTaM 3HauuTed ) 
HOFO pa3BUTHA PbIXJIbIX OOpasoBaHHit) Teh 
PHTOPpHio, MOUTH HJM COBepieHHO He HMelt 
Wyo pbIxXJoro mMoKpoBa. CojepKalliveca ys 
PbIXJIbIX OOpa30BaHHAX OOJIOMKH «KOPeHHbIF 
MOpo B OObUINHCTBe cuyyaeB HOO yr. 

BaTbie, JH60 ciaOO0 OKaTaHHble. T 

Vmerouyweca JaHHble TOBOPAT O TOM, iW 
YKa3aHHBIe BbIINe PbIXJIbIe OTMOMKEHHA B OOIP 
IUHHCTBE CLY4aeB BLINOIHAIOT APeBHHe OTEP 
WaTeJIbHble (OpMbl pembecsa UW MMeWT, ‘Th 
BHJHMOMY, B OCHOBHOM JeJIIOBHaJIbHOe Npory 
xomyenHe. OOpa30BaHHe UX NPOHCXOLHS 
QUCBHAHO, B 9STAMbI OTHOCHTEbHbIX ONycK 
HUM palioHa, OMHOBPpeMeHHO C (OpMHpOBaHHt 
TeX JICHYJalHOHHbIX MOBeEpXHCcTeH, | B (Nf 
yleulaX KOTOPbIX OHH pa3BHTbl. STO fa 
OCHOBaHHe MOsaraTb, YTO BO3pacT TOH Hi 
HHOM JeHyalHOHHOH MOBeEPXHOCTH COOTBE 
CTByeT BO3pacTy PbIXJbIX OOpa30BaHHit 
BHbINOJIHAIOULMX JpPeBHMHe OTPHllaTeJbHiA 
COpMbI pesbeta B Mpefsemax ee. pacnpocTps 
HeHHA. 

V3 3akmiouenua H. H. Curopoi, npos 
JMBIUeH H3yYeHHe MbIWIbIbI HM CHOp 43 OnNCca 
HbIX OTJIOXKeHHH, CyeqyeT, TO TMOCeqH' 
HMeIOT BePXHETPETHUHLIN BO3pacT (B aHad} 
3HPOBaHHbIX OOpasllaX He BCTPeCYeHO | HH O} 
HOM CMOpbl H MbWIbUbI Me3030HCKOrO O61 
Ka). BBuyy HefocTaTouHOcTH MaJIMHOJIOr 
yeCKOrO MaTepHasla, paCwWIeHHTb 3TH OTM} 
Puc. 1. Cxema pacnonomenna neny- 2XCHHA Ooee poOHO B BO3PaCTHOM OTH 
JaUHOHHBIX MopepxHocteli pYioxuol  WeHHH He Mpe/cTaBAeTCA BOSMOXKHBIM. | 
qacTH 3alaHOrO CKJIOHa Bawikup- M3yuenuple CHNOPOBO-IIbIJIBUeBbIe KO 
cxoro Ypasa. / —neppad nopepx- yIeKCbl XapaKTepH3yIOTCA B OOGIIeM ciex 
abe 2—sTopat MOBepXHOCTh; ~iomym coctaBoM. M3 rpynnbl 2peBecuprx 

— TpeTbAH mopepxHoctb; 4— oc- : t 
TaHUbI YeTBepTol moBepxHocTu; 5— HHX NPHcyTcTByeT mbiWIbwa Pinus (O—56% 
rpanuua Mexny IOxntim Ypanomn Picea (0O—8%), mpoune Pinaceae (0O—10% 

Ipexypanbem Betula (0—26%), Corylus (0—8 %), Carpint 

(0—5%), Alnus 0—2,5 %) u npoune O—5 % 

CpeAH IIblIbUbI TPaBAHHCTHIX pacTeHult HavOosbUee pacnpocTpaHeHue B STP 
KOMIJeKCax MMeeT MIbIIbIla Chenopodiaceae (2—24%), Compositae (O—12 % 
Labiatae (0—6%), Urticaceae (0—12%), Gramineae (0—10%), Leguminos; 
(O—22%), Hydrocharitaceae (0—26%), Frankeniaceae (0O—6%), Ranuncul. 
ceae (0—4%). IIpoune cemelictBa, kak Viollaceae u ap., BcTpeualorca pexe. 

M3 cop B OMHCaHHbIX KOMMWeKCaX OObINHO BcTpeyaioTca cnopsi Polypodi 
ceae (O—17,5%), Bryales (0—34%) u Triletes O—4%). B tpex Kommviekce 
oOnapyxeHbI cop Personosporites (4—24%). 

B o6pasiax pbIXxJIbIX MOPOM, PaSBUTbIX Ha TpeTbeli JeHyLalMOHHO MoBep 
HOCTH, IIblJIbIla PPYyIMbl APeBECHbIX B CNOPOBO-IIbIJIbICBOM KOMMVIeKce 3a2HHMa 
72%, a rpynnbl TpaBAHHCTHX — 20%. CnopoBble pacteHuA B 3TOM’ KOMMVIeK 
MPHCYyTCTBYIOT B HEOOMbIIOM KOMHYeCTBe (8%). F 

CnopoBo-lblIbleBble KOMIWICKCHI PbIXJIbIX NOPOL, BCKPbITKIX Ha BTOpOH M1 
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)XHOCTH, XapPaKTePH3yIOTCA HHbIM MPOMeCHTHbIM COOTHOLUeCHHEM OCHOBHBIX 
yi pacrenuli. Ppynna peBecHbix B HAX cocTaBiaet 50—56% (oKOoNO0 noso- 
HbI COCTaBa STOH TpyNlbl NPHXOMMTCH Ha TOJOCeMAHHDIe, MpesCcTaBJIeHHbIe 
a. Pinaceae), rpynnbl TpaB 32—38% u cnoposbie 6—18%. 

CoyepxaHHe %Ke B CHOPOBO-IIbWIbUeEBbIX KOMMJICKCaX PbIXJIbIX OTOKeHHH 
DBOH (HM2KHEH) JeCHyalWMOHHOM NMOBePXHOCTH MbIJIbIbI APeBeECHbIX pacTeHHli 
BHO 16—24%, Tpap 48—68%. Hamuune B STHX KOMMVIeKCaX CNOPOBbIX pactTe- 
ii KoneGeTes B JOBOJIbHO WHPOKHX Mmpefenax (oT 8 Jo 36%). 

Kak BUJHO, BEPXHeTPeTHYHble (HEOPeCHOBbIe) PbIXJIbIe OTJIORKEHUA, BCKPbITbIC 
OHBIMH BbIPAOOTKaMH Ha Pa3HOHMMEHHbIX MOBEPXHOCTAX JeHyaluu paccmat- 
BaeMOFO PalOHa, BMOJIHE YeTKO OTMMYAIOTCA Apyr OT Apyra mo mpoleHTHOMy 
OTHOWMEHHIO COAePpKAaWMXCA B HUX bVIbUbI MH COP OCHOBHBIX rpynn pacrenui. 
0, NO-BHJHMOMY, yKa3bIBaeT Ha Pa3HOBO3PaCTHOCTbh PaCCMaTPHBaeMbIX OTJO- 
‘HHH HM, BMECTe C TEM, CBHJETEJIbCTBYeET O PaSHOBO3pacTHOCTH (B paMKax HeO- 
fa) J@HyalWHOHHBIX NOBepXHOCTeH HCCJIEQOBaHHOM YacTH 3aMaqHOrO CKJIOHA 
*KHOTO Ypawia. 

Vispecruple aHuple (°,°) CBHJeTeEIbCTBYIOT O TOM, YTO C KOHLa Masleorena m0 
WepoHCcKoe BpeMs 10Ox%KHOE IIpenxypasbe H MpHseratolwlan K HeMy yacTb IOxHO- 
Ypasa nepexHH TPH JOBOJILHO KPyNHbIX 3TaNa OOULUX BOCXOAAMLUX TEKTO- 
YeCKHX JBH2KCHHH, CMCHABIUHXCA STANAaMH OTHOCHTEJIbHOFO NOKOA HJM OMy- 
aHuad. IlepBbili stan NOLMHATHA NpHypoueH, NO-BUAHMOMY, KO BTOPOH MoO- 
He OHTOWeHa (BPeMA COPMHPOBAHHA Oa3a/IbHOM CBUTbI TPeTHYHOM yrvieHOc- 
MH cepuu B Ilpenypanbe). OH CMeHHJICA B HH2KHEM HM CpeHEM MHOLEHEe OTHOCH- 
({bHBIM OMYyCKaHHeM, OOYCJIOBHBLIMM HaKOMJIeHHe OCHOBHBIX YIVICHOCHBIX 
MI, B 10x%KHOM IIpenypanbe. Bropoli sta BocxoysWux DBH2KeHHH, NpoMcxo- 
BIUHM B BePXHe€M MHOLeHe, 3aKOHUMJICA NMeped HauasOM 3anOJIHeHHA JOH 
K BawkupcKkoro [IpenxypaibaA NpeHMyLecTBeHHO aJICBPHTO-FvIHHHCTHIMH O6- 
SOBaHHAMM H2KHE-CPeLHEMIMOLeHOBOTO (KHHeJIbCKOrO?) BO3spacta. Hakoneu, 
eTHH 2TaM NOAHATHA paOHa NPOABHJCA, BePOATHO, B CaMOM Hauasie akya- 
la, 1H60 HecKOAbKO paHbue. IJocue aToro, BUAOTh AO anllepoucKoro Beka, 
eau TEPpHTOPHA NepexKUBala OTHOCHTeNbHOe ONycKaHnHe. 
| YunTbIBad NPHBeeHHble Na/IMHOJOrMYeCKHe MaTepHavibl, a Take CPaKT Mpo- 
JIGHHA 3J[eCb B HEOTEHOBOe BPe€MA TPeX WHKJIOB OOWLMX BOCXOJALLHX JBHKe- 
i, MOXKHO JaTHPOBaTb BO3PacT TPeTbeH NOBePXHOCTH HH KHE-cpeHeMHOLe- 
BbIM BP€Me€H€M, BTOPOH — HH2KHe-CPeAHEMJMOWCHOBLIM H NMepBoH — akua- 
WIbCKUM. BospacT ocTaHWOB HaHOovlee BbICOKOFO Apyca pesbeda, BOSBbILLAIO- 
IXCA Hal TpeTbeH MOBePXHOCTHIO, MbI YCJIOBHO MPHHHMaeM 3a BepxXHenaseo- 
HOBBIH. 
|B pe3ybtate H3yYeHHA HOBEHLUEH TEKTOHHKH lOMHOH YACTH 3anaLHOrO CKJO- 
Bamkupckoro Ypasia HaMH yCTaHaBJIMBaeTCA, YTO aMIVIHTyZa MOAHATHH 
HHOH TeEPPHTOPHH, MpOHCXOAMBUINX B BePXHEOJIHFOWeCHOBO-YeTBEPTHYHOe 
eMA, COCTaBJIAeT OKONO 600—650 . IIpuBeqeHHasa WHdpa cTONT OH3KO K MaK- 
MaJIbHbIM BbICOTHBIM OTMeTKaM JiaHHOH TeppHTopHH. Hapsyy c ApyrumMu uMelo- 
MHCA MaTepHaslaMH 3TO CBHJeETEILCTBYeT O TOM, YTO pewibed) palioua ccbopMH- 
BaJICAd B OCHOBHOM B BepXHeTPeTHUHO-YeTBepTHYHOe BpeMaA. TOBOpHTb O Ha- 
MH 3JeCb M€3030HCKHX H, TeM Oovlee, Mameo3s0HcKux topM pevbeda, Mo-BH- 
MOMY, HeT OCHOBaHHH. 


TopHo-reosioruyueckHit HHCTHTYT Ilocrynuao 
Bawikupcxoro dusvana AkagqemMHH HayK CCCP 25 II 1959 


UMTMPOBAHHAA JIUTEPATYPA 


‘A B. Bopucesuy. Bonp. reorp. ‘(reomopdonorua), cOopH. 36 = {(1954). 
. B. Baxpywes, IlecrpoupetHad Kopa BbIBeTpPHBaHHA Ha TeppHTopHu CCCP, 1, 
patos 1949. *®H. HW. Hukownaes, C6opu. Bonp. Teoper. uw npuksanH. reou., 
4, M., 1947, 4H. A. Ilpeo6paxeuckuu, Tp. Teon. ynp. Bam. ACCP, 
2, 1941. ®°T. B. Baxpywes, Yu. 3an. CapatopckK. yHuB., 15, B. 2 (1940). 
JI. AxumMosu4, COopH. Bonp. reon. BoctT. okpaHupt PycckoH maatd. HW lOxx. 
a, B. | (1958). 
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Jloxnaayn AkafyemMuu nwayk CCCP 
1959. Tom 127, Ne 2 


A. K. BEKYA 


O ®AYHE HYW)KHEYETBEPTHOHbIX MJIEKOMNMTAPOWUX 
M3 AXAJIKAJIAKH (FOKHAA PPY3HA) 


(ITpedcmaeaeno axademukom A. JI. Anwunoim 28 IT 1959) 


‘ 


B nayane 1958 r. T. Jlasapampuiu gocraBun B MucrutyT mameobno10 
AH Ipy3CCP HeckouIbKo O61IOMKOB KOCTel HMCKOMAeMbIX MJICKONHMTAIOULAX, J 
O6paHHBIX B OKpectHocTax r. AxaikaslIaku. O3HaKOMJeHHe C MaTepHasJIOM TIO) 
3a10, UTO Mbl HMeeM J[esIO C OCTaTKaMH CJIOHA, 6JIH3KOTO K TPOrOHTepHeBC 
CMOHY, HW OJeHeH THMa rMraHTcKoro oueHA. JlatbHeHuIMe NOMCKH HM pacKONy 
mpopoxupuiveca B AxaKalakH a9kcnequuMeHt Muctutyta maseoOnoJol 
AH TpysCCP, no3Bousu coOpatb Gorarylo H BECbMa HHTePeCHy!O KOVJVICKILG 
pe3ybTaTaM UCCJeOBaHHA KOTOPOH MOCBALIeEHO HacTOslee COOOULEHHE. 

B patione Axaikaaki, Kak H BO Bcel loro-BocTouHoH uacTu I py3uu, 3Hail 
TeJIbHOe Pa3BUTHE HMEIOT IPPY3HBHbIe JOJIEPHTOBbIe TOKPOBbl, MeXKAY KOTOPBIH 
3asleraloT CJIOH XKeJITOBAaTO-OYPbIX TJIHH MOUL{HOCTHIO JO 3 M. 

Bonpoc o Bo3spacte siPy3HBHBIX J1aB C JaBHAX MOp MpuBJeKaeT BHHMAak 
reOJIOTOB, BbICKA3bIBAaIOULHX Pa3JIMUHbIe MpeANONORKeHHA: OHH OTHOCAT UXy 
omuroneny (°), pyre JomycKaloT HX MIHMOWeHOBLIM Bo3pacT (*), OoMbDINHAC 
jlaTupyeT UX mietcroueHoMm (”,*). B raMHax, 3auleraloulwx Mex]ly JIaBOBB 
MIOKPpOBaMH, He HaleHO OCTaATKOB (ayHbl UH CJIOPhI, UTO ele OOJIbIMe OCMORHIF 
pelleHve Bompoca O BOspacTe JOJepHToOB. i 

BoctouHee AxasiKasiaku, y mofHomwpba r. AMupaHuc-Mta, Ha HeOoJbIIe 
yuacTKe Pa3BHTbI OSEPHble OTIOXKeHHA, COCTOAMMe B HWXKHeEH YaCTH MpeHMywI 
CTBCHHO H3 BYJIKaHMYeCKOrO Mena, a B BepXHeli — 43 CMeCH ByJIKaHHMuecKCp 
nema C MeCYaHHCTbIMA TIHHaMH, HW MOCTHJalollweca, 10 BCeH BepOATHOC? 
BePXHHM JOJIEPpHTOBbIM MOKPOBOM. K BepXHeli YacTH ITOM TOJIM, BUMMaa MC 
HOCTb KOTOPOH cocTaBJIseT ~3 M, IIPHypOUeHbI OCTATKH MCKOMAeMbIX MJIEKOI} 
Taloulux. OrcyTCTBHe MpH3HaKOB OKaTaHHOCTH Ha MCKOMaeMbIX KOCTAX UM Halil 
"He B HEKOTOPBIX CJlyYaiX COUWICHCHHBIX KOCTeli HM jlaxke MOJHBIX CKeel) 
6e3yCJIOBHO yKa3bIBaloT Ha HX MepBuYHOe 3aJleraHnue. 

B coOpaHHoli KouJIeKIMM yalocb onpexemnTb cexyrourve 12 dopm, cnuch 
KOTOPbIX MIpMBoquTcH HuxKe: Marmota longipes sp. n., Crocuta s 
Canis tengisii sp. n., Meles cf. meles L., Mammontheus aff. trogontherii Pol 
Rhinoceros ex gr. etruscus Fal., Equus aff. siissenbornensis Wiist., Equ 
ati. hidruntinus Reg., Hippopotamus georgicus sp. n., Bos. sp., Cervs 
(Megaceros) sp., Carpa sp. 

B mpapeyeHHoM cmucke perk e Bcero OOpalilaeT Ha ceOA BHUMaHHe NpHc’) 
CTBHe THMMOMOTaMA, 310CCeHOOPHCKON JOWIaM HM TpOroHTepHeBoro cOHa. | 

OjHako CaMy!0 HHTepecHy!0 HaXOAKy, MO-BHAHMOMy, MpeycTaBuAloT ocTaT 
rummonotama (H. georgicus sp. n.): MOUTH NOHaA MpaBas KOCTb, AMCTaJbH: 
KOHEIL JIYYeBOH KOCTH H acTparadl. Ito — nepBad HaxoJKa runnonotama B 4it 
BEPTHYHDIX OTJOXKCHUAX Ha TeppHTOpuH CoBetcKoro Corw3a, a MOxKeT 6b 
M BOOOMIe B reolorMueckHX OOPasOBaHHAX, PaSBUTbIX Ha TeppHTOPHH Haws 
CTPaHbI (MMEIOTCA JIMUIb COMHUTCIbHBIC YKa3aHUA Ha MpHcyTcTBHe STON dopr! 
B muiHoueHe Momqapuu u Sanopoxbs). Creqyer ormMeTuTb, 4yTo runnonoralt 
u3 AxadiKalaki ropa3o KpynHee COBPeMCHHBIX, a TAKKE H3BECTHBIX HAM HCKoM) 


408 | 


< (OPM, OT KOTOPbIX OTMMUAeTCA TaKKC HEKOTOPHIMM APyTuMu NpHsHakaMu 
BHBIM OOpasoM cBOecOOpasHOli ChelMasH3allvel HOM, BbIPaxKalollelica B 3Ha- 
IeIbHOM PasBUTHM TpeTbero NMavibla), NO-BUAMMOMY, YKa3bIBalOUlMMU Ha IIpH- 
COOJICHHOCTb K OOMTAHHIO B MeHee BaKHOM OOCTAHOBKe. 
[Tporouxtepvespiit con (M. aff. trogonterii) B nelicroleHe 3akaBKa3ba BcTpe- 
BepBble. OTa POPMA, ABJAAC WICHOM XO3apCKOH (bayHbI, a TAKE, BO3MOX- 
Oolee J PEBHUX YeETBEPTHYHLIX KOMMIeKcoB BocroyHoh Esponsi, m0-BHqH- 
fy, YKa3bIBaeT Ha CBA3b YeTBeEpTHUHON dbayHb! py3suu c BocrouHoeBponeli- 
it. 
Boraye, vem Apyrve dopMpl, npeyctaBseHb! B AxalKalaku somanu (Eq. 
_ stissenbornensis). CrpoeHue KOPeHHbIX 3Y60B, O4CHb KPYMHbIe pasMepbI UH 
re OcoOeHHOCTH yOexKaloT Hac B TOM; UTO aXa/lKaJlaKCKH BU BeCbMa OJIH- 
_K Eq. siissenbornensis. Sra Haxogka TakxKe ABJIAETCA NePBOH [WIA TeppuTO- 
1 QakaBKa3bA WM UMeeT BarKHOe CTPaTurpaduyecKkoe 3HaYeHHe, OMpeseleHHO 
3bIBAA Ha HM KHEIVICHCTONCHOBLIH BO3PaCT aXaJlKalaKcKoro (payHWCTHYeCKOrO 
TeKca. 
Haxoyku stpycckoro Hocopora (Rh. etruscus) HOBOJIbHO peIKH IIA TeppuTo- 
Cospetckoro Coro3a. M3BecTHbI TObKO J[Be He€COMHEHHbIC HaXOJKH 93STOFO 
opora: 43 nuiMoueHa IIpuuenunosKu (KpacnofapcKui Kpali) u u3 LnHan- 
‘M (Bocrounaa [py3us), re crpaTurpaduyeckoe moloxkeHHe OCTATKOB 3TOFO 
BOTHOrO TOUHO He ycTaHoBJeHO. B ueTBepTHUHbIX OTJOKeHHAX STPYCCKHH 
Opor BCTpeyaeTca elle pexke, HM MOsaraloT, 4TO 3eCb OH Ob TPeTHYHDIM pe- 
tom. Ilostomy HaxojiKa ocTaTKoB Hocopora Tuna Rh. etruscus B AxauKasa- 
TIPeAcTaBsIAeT MUCKJIOUMTEIbHbIN HHTepec. 
Fee (Cervus) u3 AxamKamaku, XOTA H HOCAT XapakTepHble “epThI CTpoe- 
1 KocTeli THraHTCKHX OJIeHeH, BCe %Ke ABHO OTJHUAIOTCA OT HHX OONbUIel 
OMHOCTbIO MeTaMOAWH MW MeHbINHMM pa3sMepamu. Hasuune cBoeoOpa3Hbix 
CTaBUTeeH THTaHTCKHX OsleHeH B aXasIKaJlaKCKOH cbayHe, KaK HaM KaxkeT- 
_MOATBep2xKaeT pahee BLICKASaHHOe HAMM Iipesnosoxenne (1) O NpHCyTCTBHH 
ec THttloe Bpema B BocrouHot Ipy3uu Kakoro-To ocoOoro, BecbMa 
/TMHOTO TIpescTaBuTesia oeHeH B Opo3maHn. 
‘Caoeo6paseH B Axasikamaku mpefctapurelb poga Canis (C. tengisii sp. n.), 
\MUaIOULMHCA OT HM3BeCTHBIX HAM BHJOB MCOBbIX apXaHYeCKHMH OCOOeHHOCTA- 
3yOOB, BECbMa Me@JIKMMM pa3MepaMH HW APyrHMH Mpv3shakaMH CKeveTa. 
Oco6o cmenyeT OTMeTHTb IpucyTcTBHe B AxaKalakKH BeCbMa CBOeOOpa3HOro 
‘cTaputTeia poga Marmota (M. longipes sp. n.), xapakTepu3yrouleroca He- 
[WHIM JJIX CYPKOB OTHOCHTeJIbHbIM YJJIHHCHHeEM 3aHHX KOHeUHOCTeH. 
B 6obuIMHCTBe CBOEM IpeACTaBHTeIH aXaJIKaaKCKOH HW KHEIJIeEHCTOMeHO- 
cbayHnt (Marmota longipes, Eq. aff. siissenbornensis, Gervus Megaceros 
p.) ABJIAIOTCA OOHTATeAMH OTKPHITHIX HM MOMYOTKPHITHIX MmpocTpaucTs. Bu- 
0, B HMKHeYeTBePTH4HOe BpeMa B palione AxasiKalaKH HW CMe2KHbIX C HAM 
[acTAX mpeoOsalanu ycNOBUA cTeneH M MOycTenel, 3apocuIMxX KyCTaPpHHKO- 
MM WU TpaBAHHCTbIMHM pacTeHHAMH™. 
Oco6o crout Bompoc 06 ycOBHAX OOHTAHHA aXaJKaslakCKOro PHmMoMmoTama. 
BECTHO, YTO THMMOMOTAMbI MpeMNOUMTAOT MPeHMYLeCTBeHHO 3a00/10UeHHbIe 
Ta WH BbWwlesaloT Ha Cyllly B peqKux cayuanx. Ham KaxkeTca, OMHaKO, 4TO 
\WIKaJlaKCKHH BULL, 1OOOHO ero COBpeMeHHOMy copoynuy u3 JIm6epuu (Choerop- 
liberiensis), OblJI 2KHBOTHBIM OTHOCHTCJIbHO CYXOMYTHBIM, SBOJIONMOHMPOBaB- 
M B 9TOM HallpaBJleHuM Jlalbie WMHOepHickoro KapJIMKOBOrO ruMMoMoTaMa. 
Kak oTjeuIbHble NMpeMcTaBHTeIM aXaIKalaKCKOM (ayHbl, TaK M BeCb tayHu- 
YeCKHH KOMMJICKC B IeJIOM TOBOPAT B NOb3Y HHXKHEMICHCTOMeHOBOTO BO3- 
Ta aXaJIKaJlakKCKHX O3€PHbIX OTJOKeHHH. 
Tlarupopanue o3epHbix oToxKeHHH AxXalKaslakKH HWXKHUM MJleHCTOMeHOM 
BOMACT BbICKaSATb MpeAMoMowKeHHe HM O TeOJIOrHYECKOM BO3PacTe BePXHUX 


* 06 TOM, B YaCTHOCTH, CBUJCTeIBCTBYeT HaXOJKa B KOCTCHOCHBIX COAX AXamKalaku OCTAT- 
Lithospermum arvense (onpegenenue K. Uounesoli u [. Asakosa). 
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bi 
JOJEPHTOBEIX AaB. STOT LOMEPHTOBbIL MOKPOB HOO HECKOJIbKO ApeBHee HW 
IIJICEHCTOMCHOBbIX O3€PHbIX OTJIOMKeCHHH, HOO, cKOpee BCero, OAHOBO3pac 
C HHM, TaK KaK MpOMCxXomJeHHe HHKHEYETBEPTHYHOLO aXaJiKaJaKCKOLO O3€ 
TI0-BHJHMOMY, JOJIXKHO ObIO ObITbh CBAZAHO C NOCJIEHHM H3JIMAHHeEM ByJIKa 
YeCKHX JlaB, HMeBIIMX MeCTO B PpaCCMaTPHBaeMOM palHoue. 
OKONOrHYeCKHH O630P aXaJIKaaKCKOH HMKHEYETBEPTHYHOH dayHbl J 
OCHOBaHHe MpesnoularaTb KaPKUWH W OTHOCHTEJIbHO CYXOM KJIMMAT B 10FO-BOCI 
HoH uacTH [py3uu B 9MOXy HaKoMveHHa KocTeH. 


MucrutyTt naseo6vosoruk Tlocrynus10 
Axkayemuu Hayk Tpy3CCP 27 If 1959 


UMTHMPOBAHHAA JIMTEPATYPA 


1A. K. Bexya, Coo6m. AH Ipy3CcP, 20, Ne 1 (1958). ? 11. I. Tamnpea 
3e, Tp. Muxcr. reon. AH [py3CCP, mouorpadun, Ne 2, 1949. 3K. K. Tagmodeuroa 
C6opu. tp. Mucr. reon. AH Tpy3CCP, 1951. 4H. HW. Cxuptaagse, Tp. Unct.r 
AH [py3CCP, mouorpadun, Ne 8, 1959, 
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Hornuagn Akayemuu nayrx CCCP 
1959. Tom 127, Ne 2 


PEOJIOCH A 


M. A. KAJIMbIKOBA 


O BHOCTPATHFPA®HYECKOM PA3JEJIEHHH MOPCKHX 
BEPXHEMNAJIEOSOMCKUX OTJIOKKEHHKM JAPBA3A 


(ITpedcmaeaeno axademuxom JI. B. Haauekunoim 11 IT 1959) 


BepxHenlasleo3oHCKne OTOXKECHHA LIMPOKO paciipocTpaHeHbl Ha BCel TeppuTo- 
Jlappasa. Onn TAHYTCA B BUe NOMOChI MOUTH MepHAMOHAbHOTO Mpoctupa- 
, HMeIOT MOLMMHOCTh Ooviee 500 M HW HepeKpbIBalOTCH Me€30-KaHHO3OHCKHMH OT 
€HHAMHM MOUTH BCerfa MO TeKTOHHYeECKHM KOHTAKTaM, MO3TOMY BepXHAR 
b pa3pe3a MePpMCKHX OTJOKeHHH, KaK MpaBHlO, OTCYTCTBYET. 
Tleppoe pacumenenve Bepxuero maseosoa Jlappasa Onio coenano A.C. Smenb- 
Huo ('*). Ilo muTonOrMyecKHM Mpu3HakaM HM BbIJe/eHO MATb MOCeMOBAaTeJIb~ 
‘3aJleraloulHX TOJIUL, H3 KOTOPbIX CTpaTHrpaduyecKW CaMOH HHKHeH Ob 
YAMHOBbIC H3BECTHAKH, BO3PaCT KOTOPHIX Obl OMpeeseH Kak BepXHeKaMeH- 
TOJIBHBIM. 
B. V1. Tonos nosguee (11,1*) qaeT Goulee nouIHy10 CXeMYy pacusIeHeHHA BepXHero: 
eo30a Jlappa3a (cM. Ta6n. 1), a Beneq 3a HUM. A. JlyrKepnyu u M. A. Kan- 
koBa (*,°) Ha OCHOBaHHM NOCJOMHOrO H3yYeHHA OTMORKeHHH BepXHero Mavleo- 
_lappa3a u mpesqBaputTembHoro onpesenenna py3yiHHHg. Bia npeqioKena 
Ma cTpaTurpaduu, B OCHOBe KOTOPOM ObIIH MMTOMOTO-cTpaTurpaduyueckne 
WUbI, BbIesIeHHbIe paHee B. V1. Ilonosnim, Ho BnepBble MHKpodayHucTuye- 
| OXapaKTePH3O0BaHHble, ITO TasIO BO3MOXKHOCTh Oosee FOCTOBEPHO UX cTpa- 
MUMpoBaTb. Kpome Toro, JIA BCe€X CBUT, HOCMBIIMX JIMTOMOrHYeCKHe Ha3Ba-~ 
|, IpeWoxKeHbI OblIM Ha3BaHHA Peorpaduyeckue (cM. TaOu. 1). 
B 1954 r. H. [. Baacos (*) Brigenua yancalicxyro cButy P, B KOTOpy!0 Bxo- 
WaCTb IlakapCeBCKOH CBUTbI, KadTOPMOJIbcKad CepHA U «BepdeHCKHe» H3- 
THAKH, HMKHETPHaCOBbIN BO3PaCT KOTOPHIX He Obl NOATBepxeH. 
B 1937 r. T. A. Lyrkepuy (°) coenam mepBpoe OnocTtpaturpaduyeckoe pacusie- 
Me MOPCKHX MepMCKHX OTO*KeHHH Ilamupa u JlapBasa u conocTaBHJ UX C He- 
DPpbIMu paiionamu Teruca. Bpio BbIeseHO WecTb MHKpodayHHcTHyecKHX 
yaa Ilamupa u uetnipe 30HbI Avia Jlappasa. M3 Hux Tp HMKHUX 30HbI OTHO- 
MCb K HMKHeli NepMu, a CaMad BepxHsas (30Ha c Polydiexodina) k BepxHeh 
M. 
[losquee A. JI. Muxayxo-Maxaaii ("°) mpeqmoxua cxemy OnocTpaTurpapu- 
Oro JlesICHHA MOPCKHX OTJIOX%KeHH BepxHero naseo3oa CpenHeh Asun. 
WHe- H BePXHeKaMeHHOYTOJIbHbIe HM MWepMCKHe oTOxKeHHA CpeqHeh Asnu 
JICHAIUCh Ha eCATh POPAMHHUGePoBLIX 30H, H3 KOTOPbIX MATb OTHOCHJIUCh 
pau. IIpucyrcrBue, JOcTOBepHoe HIM MpemnomaraeMoe, STHX 30H, HasbiBae- 
ABTOPOM TOPH3OHTaMH, yKa3bilBalocb uM Aisa JlapBasa. 
pesyiIbTaTe mocioHoro usyyeHua c:by3yMHu BepxHero maseosoa Jlap- 
A M3 paspe3s0B, PpacmosO*RKeHHIX Ha paccTrosHun 20—30 KM [pyr or Apyra,. 
»p. Ilaugox, 3pirap, O6u-Pasunoy, Bosruua, lyuyapa, Uappimgapa u Xuuroy 
M BBIJeeHO BOCeMb *by3yAMHUsOBbIX 30H. IloceqHHe mo cBoemy OObemy 
‘BETCTBYIOT APYCaM WIM YacTH APycOB BepXHero maseo30n Cpenuelt Asun, 
noxenubrx A. JI. Muxsayxo-Makxaaii (*"), u ropu3sonTram crpaTurpaduye- 
i cxempt ©. P. Bent, M. H. Conopreso u O. V1. CepryupKoson (? *). 
..3oHna Fusulinella u Fusulina (C%?). Cioga ornocutcs 


PCTHAKOBaA mauka, TpaHcrpecCHBHO, OObINHO C YIJIOBbIM HeCOrlacHeM, Ha- 
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yleraloulaa Ha CpeqHenaseosolickue OTOMKeHUA (OT HH2KHEFO KapOona NO CH) 
BKJIOUHTEIbHO), KOTOPan COep2KHT KOMMVIeKC (py3yIMHUA, CBOHMCTBCHHBIX Be 
HEMOCKOBCKOMY Tlojibapycy ceBepHbIx uacteit Cpenueli Asuu (?,’,*,”), a Tak) 
HOMOMbCKOMY H MsAUKOBCKOMY TopH30HTaM PyccKo maardPopMpl. 

lia Hee xapakrepeu Komnuekc dy3yuHuy: Parastaffella bradyi (Moell 
P. aff. timanica Rauser, P. moelleri (Ozawa), P. variabilis Rauser, P. ex. 
dagmarae (Dutkevitch), Ozawainella angulata (Colani), Pseudostaffella ¢ 
fusa (Lee et Chen), Ps. sphaeroidea (Ehrenberg emend Moeller), Ps. Oza% 
(Lee et Chen), Ps. pseudosphaeroidea (Dutkevitch), Schubertella magna Lee 
Chen, Fusiella typica Lee et Chen var. extensa Rauser, Profusulinella lik 


Tadmunua 


B. HW. Tonos (21,1?) Yr. A. Jtytkesnu, M. A. Kanmpikora (4, °) 


Bepxuaa cepad Tyocmanmepad Tosa Iakapcespckaa cepun Pe 


Tunmconocuad Towa 
PapnoyccKad cepHa 


Ilaxapcepckaa Tosmtla Pj» 
| VonmuxapeKkan toma Py 


@Myoseropan Toma 


Hunan TydocmanweBnad TOMA Jlappasckaad cepua 
TyHjapuuckan toma PY 


CatbeTqapoucKne u3BeCTHAKH (Py3yJIHHO- é 
Bble H3BecTHAKH A. C. SyenbuiTeiHa) CaderfapoucKkan Toma P; 


Py 


Acnuyuaa Tova Uapbimaaphuckaad Toma Pi 


Toma Ga3aIbHbBIX H3BeCTHAKOB Cz Ularouckan cepusa 
IlcepxomBarepHHoBbIit TOpH30HT Ge 
Kopaaoppii ropa3out c Parafusulina C?, 
TPHTHUMTOBLI LTopHsoHT & 

. . . PaSMBIB 

CpemHekapOoHOBad H3BeCTHAKOBAA TOMA 


Fusulina cf. kannoi. 
. Hecormacue 


\ 


vitchi (Dutkevitch), Pr. praecursor (Deprat), Pr. rhomboides (Lee et Che 
Pr. parva (Lee et Chen), Fusulinella problematica Thompson, F. bocki Mi 
ler, F. pseudobocki Lee et Chen, F. aff. pulchra Rauser et Belajaev, Fusul 
pseudoelegans Chernova, Fusulina ex gr. triangulina Thompson, Fusul, 
teilhardi Lee u gp. 

ll. 3684 Triticites uw Pseidorrsulina (c je 
30HY BbIeeHa H3BeCTHAKOBaA Mauka, XapakTepusylollaAcA MepBEIM MOAB 
HHeM (Py3yMHU C KepHOTeYHOH CTeHKOH. 

Ilo npasobepexbio p. Xuuroy, y noquoxbs r. Mup-ax, cpenu TydoreH}} 
NecuaHO-CaHWeBOH TOM OOHaApy2KeHbl U3BeCTHAKH Cc. Triticites parvt 
(Schellwien), T.incisus (Schellwien), Rugosofusulina prisca (Ehrenberg eme 
Moeller). (Oxkuee, no pp. Uappmyapa u Bosruua k 3Toif 30He OTHOCHTCA OLHC 
pasHas Tosa (20 155 M MouIHOcTbIO) UsBeCTHAKOB, CojepKatlad OcTaTKH K 
HOMMeH M peqkux Triticites u Pseudofusulina(?). Onn saneraior cormacHo Ha 
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THAKAX BEPXHEMOCKOBCKOTO NObApyca cpefsHero KapOoHa Hu NepeKpbIBaloT- 
ciaHiaMu MW TyPonecuaHHKaMH YapbIMAapHHCKOH CBUTHI. 

Ilo p. Ilauax y UWlarona k sto 30He OTHOCATCA USBECTHAKH MOLIHOCTH JO. 
M, 3aJleralouine COrmacHO Ha M3BeCTHAKaX BepXHEMOCKOBCKOFO NOAbApyca H 
DEKPHITHIX OasaJIbHOM MayKOli HW2KHEMePMCKUX LIBArepHHOBLIX H3BECTHAKOB. 
MX HalifleHpl Schubertella ex. gr. giraudi (Deprat), Fusiella granum-ory- 
» Dutkevitch, Ozawainella angulata (Colani), Fusulina teilhardi Lee, Tri- 
ites ex gr. grosdilova M. Maclay. 

Mi-SouHa Schwagerina w NMPUYMUTHBHHx Paraft 


lina (Pi). Oa 30Ha 3HaMeHYeTCA MaCCOBbIM NOABJICHHEM HepBbIX mapa- 
yuu: Parafusulina pseudojaponica Dutkevitch u Parafusulina ferganica 
Maclay. [1a Hee xapakTepHbl Cieqyroulne dysyanHugl: Fusulinella girau- 
(Deprat), Quasifusuliria longissima (Moeller) var. n., Q. cayeuxi (Deprat), 
karawanensis M. Maclay, Triticites contractus (Schellwien et Dyhrenfurth), 
udofusulina acuta (Lee), P. globosa (Schellwien et Dyhrenfurth), Schwage- 
a moelleri Rauser, Sch. moelleri Rauser var. asiatica M. Maclay*, Sch. 
amovi Scherbovich, Sch. schagonensis Kalmykova sp. n., Paraschwage- 
a gigantea (White), Parafusulina pseudojaponica Dutkevitch (muoro), 
pseudojaponica Dutkevitch var. ferganica M. Maclay, P. ferganica 
Maclay (muoro). 

Tlo p. [isugox kK 9ToH 30He OTHOCATCA cacbeTqapoucKad, yapbIM~apuHcKaa 
IM C NOACTHMafolleH HX MayKOH usBecTHAKOB. B WeHTpaJIbHOM HM CeBePpHOM 
gece (no p. Tyxgapa u Uappimyapa) cdbayHucTruuecku OxapakTepH30BaHHbIx 
OXKeHHH STO 3OHbI MOKA HeH3BeCTHO. Ev, BepOATHO, COOTBETCTBYeT HUKHAA 
‘Tb UapbIMMapHHCKOM CBHTbI, HH2%Ke MayeK, B KOTOPbIX ObWIM HalifeHbl aMMo- 
bl APTHHCKOrO OOuKa. Ilo p. JIaurap, mpaBomMy npuToKy p. XuHroy, K STO 
€ OTHOCHTCH MecuaHO-cJlaHleBand TyPOreHHad Tosa (YapbIMLapMHCKas CBH- 
C IpocsiosMu MsBecTHAKOB c Paraschwagerina pseudomira var. margelanica 
Maclay. 

iW. SoHa Parafusulina,Pseudoschwagerina, Pseu- 
feel maikradiid,:Pseudofusujlima vailgear is (P™) 


AKTEPH3YyeTCA CJICLYIOUMM KOMMMIeKcOM dy3yHHuA: Nankinella sp., Tri- 
‘tes contractus (Schellwien et Dyhrenfurth) var. longa Kalmykova var. n.,. 
ordinatus Chen, T. ordinatus Chen var. daroni M. Maclay, T. pseudo- 
plex Chen., T. popovi Kalmykova sp. n., T. ellipsoidalis Chen, Pseudo- 
lina exigua (Schellwien et Dyhrenfurth), P. kraffti (Schellwien et Dyh- 
furth) (wHoro), P. gundarensis Kalmykova sp. nov., P. vulgaris (Schellwien 
yhrenfurth) (mHoro), P. globosa (Schellwien et Dyhrenfurth), P. fouroni 
mpson, P. neolata Thompson, P. tschernyschewi (Schellwien et Dyhren- 
th), P. diversiformis Dunbar et Skinner, P. tschernyschewi (Schellwien et 
renfurth) var. fusiformis Chen. P. edelschteini Kalmykova sp. n., 
bactriana Dutkevitch, P. globulariformis (Dutkevitch), P. ambigua (Dep- 
, P. kireevi Scherbovich, Rugosofusulina vulgariformis Kalmykova sp. 
R. vulgariformis var. brevis Kalmykova sp. et var. n., Pseudoschwa- 
ina tumida Licherev, Pseudoschwagerina tumidiformis M. Maclay, Para- 
lina japonica (Gumbel) (wxoro). 

30na 9Ta BKOUAaeT Ha Tore p. I]aHax%K TyHapNcKylo CBUTY H CaMyIO Bepx- 
He3HAUHTeIbHYIO UacTb CacbeTAapOHCKO CBHTbI, B WeHTpadbHom JlapBa3e 
3ruHa) — BepXHIOIO WaCTb YaPbIMMaPHHCKOM MU [Be TpeTu cadeTqapoucKon 
Th. Ilo p. XuHroy K STOM 30HeE MPHHAaexKaT USBECTHAKN Ca*eTTapouckon 
Th. [IpHypoueHb! K Heli Take HaXOJKH AMMOHMTOB apTHHCKOrO Bospacta: 
p. Ilnugxy, y yerba p. OOunucy (cOops1 BopHemana),— Propinoceras bor- 
nani Toum, Medlicottia aff. artiensis var. timorensis Han.; no p. Bosrn- 
— Medlicottia sp., Gastrioceras sp. (cOoppt Kamprkosoi, 1935), Propino- 
as cf. bornemani Toum et Born, Metalegoceras? sp. Papanoceras? sp. (cOopht 
pbapcxoro, 1957 r. (?)). 


* Qra dopma Haspana I. A. JlyrKesuyem (*) Pseudoschwagerina moelleri var. darvasica. 
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V. 30Hac Misellina, Brevaxina, Parafusulii 


(P?’) BLIJeIAeCTCA TO MOABJICHHIO NepBbIX OpeBaKCHH HM XapakTepHs3yeTca C, 
ly!ouluM KoMmeKcom dysyaunuy: Nankinella orbicularia Lee, Schuberte 
giraudi (Deprat) (muoro), Triticites contractus (Schellwien et Dyhrenfurt 
T. ordinatus Chen, Pseudofusulina fouroni Thompson, P. neolata Thomps: 
P. gundarensis Kalmykova sp. n. (mHoro), P. exigua (Schellwien et Dyhr 
furth), P. kraffti (Schellwien et Dyhrenfurth) (peaxko), P. vulgaris (Schellw 
et Dyhrenfurth) (peaxo), Brevaxina dyhrenfurthi (Dutkevitch) Misellina t 
mierj (Deprat), M. parvicostata (Deprat). 

B paspese no p. IlangK sta MUKpocbayHucTMYeCcKad 30Ha OTCYTCTByeT. 37 
ryHapuHcKad CBHTa C AMMOHHTAMH HeMOCpeCTBeEHHO NepeKPbIBaeTCA HOM. 
XapCKOM, KOHTHHEHTaJIbHOH, KpaCHO-IBeETHOH CBHTOM BepXHEeFro MaJle0304. 

B weuTpasbuom Jlappase (p. Bo3sruva) OHa BKIIOUaeT TYHaPHHCKy!O H | 
(beTqapoHcKve CBHTHI, a Ha ceBepe (pp. [ysyapa u Uappimygapa) M BepXxHI 
YaCTb UapbIMJapHHCKOM CBHTHI. 

VI.30Ha c Misellina claudiae (P%°) o6bemuer pucorens 
H3BECTHAKH, KOTOPHle OOHAPYXKeHbI TOMbKO B BepXoBbax p. Bosruna. Jia 
XapaKTepeH BeCbMa CIeMMPMYHBI KOMMICKC, COCTOALLMH MOUTH UCKJIIOUHTe 
HO H3 MH3@IHH H OpepakcHH. 3yecb BcTpeyeHb! Pseudofusulina vosgener 
Kalmykova sp. n., Brevaxina dyhrenfurthi (Dutkevitch), Misellina cli 
diae (Deprat), M. termieri (Deprat), M. parvicostata (Deprat), M. vosgenen 
Kalmykova sp. n. 

VII. 30Ha Polydiexodina (Ps) moxer ObiTb ycTaHoBJeHa TO. 
KO 0 aHaylioruu c AdraHucTaHoM, re H3BeCTHbI MEPMCKHEe OTJIOXKeHHA C MO) 
AMeKCOMMHaMH, Tak Kak B JlapBa3e 3TH Py3yMHUAbI Oblu OOHAPy2XKeHb! TOE 
B OJHOM MecTe, B BepxOBbsaAx p. OGu-PaBHoy, B OrPOMHbIX H3BECTHAKOBBIX PJ 
6aX HM laJlbKaX HeOreHOBOrO KOHTIOMepaTa, HenocpeCTBeHHO Ha rpaHulle Pp, 
IIpOCTpaHeHHA BepXHeNaleO3OHCKHX TOM. Secb ObwiH HaliZenb! Parafusuli 
eX gr. granum-avenae (Schubert), Misellina sp., Polydiexodina darvasica D 
kevitch. 

VIII. 30Ha Reichelina (P) sxmouaer pudorenubie u3BecTI 
KH YancaHCKOl CBHTbI, H3BECTHbI€ NOKa TOMbKO NO p. OGu-PaBHoy, u xapak’ 
pusyetcaA oOOMHeEM MeKHX dopamuHudep — Lagenidae (Geinitzina span 
(Tscher.) var uralica Lipina, Pachyploia sp. sp.), Miliolidae u peakux R 
chelina sp... 

@OysyiuHNpoBbie 30HbI II] — V o6semmioT ryHfapHHckytio, cacbeTyapouck: 
4 YapbIMAapHHCKyYIO CBHTHI, HMeA CKOb3AlHe rpaHuupl. [loceqHee nomTBep 
WaeT BbIcKa3aHHoe paHee (*,°), mpeyqnomoKeHHe, YTO ryHapHHcKaa, cadet) 
POHCKad HM YaPbIMAaPHHCKaA CBHTbI ABAIOTCA Pa3HOBO3PaCTHBIMH MO M1poci 
PaHHIO, NpeAcTaBJIAA OMHOBPeMeHHO Ha OTJEIbHBIX yuacTKax JlapBa3sa OHOB 
pacTHble (pallvaJIbHble aHaJIOrH. 


BececowsHbllt Hay4HO-HCcceqoBaTeTECKH I Tlocrynuso 
reosorHuecKHit HHCTHTYT LOST O59 


UMTHPOBAHHAA JIMTEPATYPA 


*@®. P. Benw, Te3. ok. mo yHHpuKaynn crpaturpaduyueckHx cxem CpenHelt | 
M., 1958. ? ®. P.Benm, O.H. Cepryutkosa, M.H. Co20BbeB, Tes. 0 
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Jloxnxagn Akagemun nayr CCCP 
1959. Tom 127, Ni 2 


‘PEOJOPHA 


C. B. MJJAXIUMX 
OPROBHK YYCOBCKOPO YPAJIA 


(ITpedcmasaeno akademuxom J]. B. Haauexunoim 13 II 1959) 


Kak H3BeCTHO, (ayHUCTHYeCKH OXaPaKTePH3O0BaHHbIe OTIOMKeHHA OPOBH- 
wa Uycosckom Ypavie ycTaHOBJIeHb! aBHO (2 BepXOBbaX pp. YcbBpI, KouBpi u 
). BeneycTaue cma6oii usy4eHHocTH sTOro paioHa BOMpoc 0 cocTaBe, CTpyKType 
apakTepe rpaHull MX (a B CBA3H C 9THM HM BOMPOC O BospacTe HM CTPyKType 
/TMX J PeCBHUX TOU aHHOH TeppuTOpHH) FO MocweqHero BpeMeHU OCTaBaJICcA 
CINCHHbIM H’ NOHMMAJICA Pa3JIMUHbIMH HCCJIeELOBaTeIAMH M0-pasHoMy. 

B 1954—1955 rr. B 6accefiHax BepxHero TeyeHuA pp. YcpBpl, Koisni uw Busp- 
(npaBbie npuToKu p. Uycosort) 6nBuseli [lerpopckoli akcneqnuMe MpoBoLHU- 
b reolorHyecKad cbemMKa MacuiTada |: 50000, B pe3ybraTe KoTOpOH Obi 
a NOWHbIM paspe3 OPAOBHKA, a TAKKE BbIABJICHbI COOTHOIEHNA EFOC MOL- 
JiatoulM4MH HM MePeKPbIBaIOULMMU (JWIaHJOBepHHCKMMH) TouLaMH. 

Tlo 2aHHbIM SsTOH CbeMKH, KOMMJI€KC OPAOBHKCKUX OTOMKeHHH MpescTaBsJeH 
a3y BBepXx): 

‘1. Ceppie MejKorauieuHble KBapileBble KOHTIOMepaTb . . . 

; Cita eh Reta el ee roe PM ourcert OU: EA Unl eee 
E Bomee (10 CpaBHeHHIO Cc mlepBEIM cu10eM) KPyHoraJleuHble, B OCHOBHOM 
ApWeBbIe KOHTJIOMepaTbl CepOM UJIM CBeTO-cepoli OKpacKH . . 

7. . ee Seo ease ot he. 1)! Mompocrs 05 -20.7e 
3. Ceppie (c pasJ1MuHbIMH orreKamn) KBaplleBble KOHTIOMepaTbl, rpaBe- 
Thl H KBaplWMTo-mecuaHHukH ........ =... Mowuxocts 10 —20 m 
4. Ceppie, pexke TeMHO-cepble, MeCTaMH CJIaOOH3BECTKOBHCTHIe KBaPILHTO- 
YaHHKH C MaJIOMOlHbIMH (5 — 15 cM) mpocaolkamMu mecuaHHCTbIX CJIaH- 
PE SN Pre eng nos “ala a el) Fk a, NOURHOCTD, 2U=—O0imne 
5. OUNMUTOBMAHbIe MeCUaHO-rIMHMCTHIe CJIAHIbI HeENOCTOAHHOM OKpacKH 
PJITOBaTO-Ccepand, 3eJIGHOBaTO-cepand, TeMHO-cepaa) . . MoulHoctb 3—7 M 
6. UepHbie W3BECTHAKOBO-FVIMHHCTbIC CJIAHIbI, MeCuaHHCTbIe M3BeCTHAKH 
MCTaMH B-HHX HaOlofaloTca pe u Oe OKaTaHHble KBapUeBble TaJib- 


M JIMHMCTbIe CaHUbl ... . . . . . Mowoctp 15—20 m 
| 7. TemMHO-cepble MeCuaHO-rvIMHHCTble M3BeCTHAKH . . Monjyocth 10—15 m 
'8. Uepupie MepremenogoOnpble cnanibr .... . . . MoutHocts 5—10 m 
Be TEESE TIMHUCTHIe CJIAHIbI C MPOCJIOAMM H3BECTKOBHCTHIX 
Lo Ee ee a ye eae MOM HOCTE 40-2 otaM 
| 10. Uepupie NecuaHO-TMHHUCTBIe H3BeCTHAKH . . MouHoctb 30—40 m 
/11. Uepupie cna6oyrauctple cmaHibl UW H3BecTHAKH . , MouHocTh 40—45 m 
|12. Temuo-ceppie mMecuaHo-rIMHHCTbIe U3BeCTHAKM M MOAYMHeHHBIe HM TeM- 
‘cepble (PUIIUTH3MPOBaHHble rMHUCTHIe Clanbt . . Momnocts 100—120 m 
'13. UepHpire mecuaHo-riMHHcTble H3BeCTHAKH .. . . . . Mowtuocts 40 m 
| 14, Gepupie u3BecTHAKH C NacTaMH CaOOOJIOMUTH3HPOBaHHbIX H KPeMHH- 
ix (B BepxXaX MauKH) u3BecTHAKOB ..... . . Momnocts 90—130 m 


15. Temuo-cepble, cepbie HM CBeTJO-cepble, MeCTaMH MeCuUaHHCTHIe, OJIOMH- 
BUPOBaHHbIe U3BeECTHAKH HW JOMOMHTbI C JBYMA-TpeMaA NwlacTaMu (BAMMO 
H30BH{HbIMHM) CepbIX MecuaHvkoB ...... . . . Momtnocts 50—80 m 
16. Ceppie u cBeTuIO-cepple JOOMUTHI.... . . . . Momnoctb 26—30 m 
Tlayko# JOOMUTOB HU 3aKaHUMBaeTCA paspes opsoBuka. HenocpeycTBeHHO 
9TOH mauke cTpaTurpaduyecku CormacHo 3asleraloT JOJIOMUTH JWIaHOBepu 
Pentamerus oblongus. 

Kak BHHO M3 MpHBeseHHOrO pa3pe3sa, KOMIWICKC OPMOBUKCKHX OTIO*KeHHH 
PTaTOUHO OTUCTIMBO NOspasyeiseTch Ha Be CBUTHI — TeppHreHHyo (nayKu 
5) u cyllecTBeHHO KapOouaTHylo (mauku 6—16), mpH4em noceqHAA, B CBOIO 
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7, 
Pe 
an 


J 


ovepelb, MOxeT ObITh nospasqemeHa Ha TeppHreHHO-KapOoHaTHy!0 (ma 
6—12) u kapOonatuy10 (nauku 13—16) noyzcBuTHI. | 

Uro KacaeTca Bo3pacta BbIeAeMbIX HAMM CTpaTurpapuyecKux eMHHL, 
9TOT BOMPOc OCBeLLeH BO MHOrMX MmeuaTHEIX (1°) w Ap.) H OCOOeHHO B PYKOMHCH 


eens 
e/OGHU 


= 


oP 
Ree 


Puce. 1. Teonornueckas kapta yuacTKa r. HounuKx. J wy 2 — 
yeTBEPTHUHbIe OTMOMKeHUA: 1 — aIOBHH Nols, 2 — pentwo- 
BHaJIbHbIe OOpasopaHus; 3 Hu 4 — HMXKHMUM OpfoBuk: 3 — 
KBapUHTonecuanukn, 4 — KBapleBble KOHTOMepatn; 5—/O— 
NQOOPHOBUKCKHe O6pasoBaHUA; 9 — NOMOCUATLIe XMOPHTO-asb- 
OUTO-CIIOMAHbIC CIAHULI, 6 — 3eeHOBATbIe paccaHloBaHHple 
KBaplWToMecuaHukKH, 7 — OCHOBHbIe sdpysusbl, 8 — ceppie 
KBaplMToNecuaHuku, 9 — seeHoBaTbIe CpeqHesepHUCTHIe 
KBapuutonecuannku, 10 — uepHble  cCJONHCTO-KBapleBEIe 
claHubl; 1] — cepble MaCCHBHbI€ TOHKO3€PHHCTHIe KBaPILTO- 
mecuannku; 12 — raodpo; 13 — nwxKHAA rpaHula opxoBuKa; 
14 — wypdp; 15 — ecrecrBeHHoe o6HaxkenHe; 1/6 — 92e- 
MeHTHI 3aleraHHA 


paOoTax ypaulbcKux reonoroB. 37ecb OTMETHM JIMIIb, UTO B CBT TeppureHH} 
OTJIOKEHHH B Npefeax MSyYeHHOM HaMu TeppuTOpUu OpraHMyecKue OCTAaTKH | 
OOHapyXKeHbl H BOSpacT ee YCTaHAaBJMBAeTCA NO aHAaJIOrHH C Bumepcxum Y pact 
re OHA Ha OCHOBaHHH (ayHb! OTHOcHTca K. A. JIbpopeim u II. M. Ecunory 
K HWKHEMY OPAOBUKY, NPHYeM HE HCKJIIOUeHa BO3MOXKHOCTH, YTO BEPXH €€ OTI 
caTca ye K Og. TeppurenHo-KapOonaTHas M KapOoHaTHaA NOLCBHTa Ha OCI 
BaHHH OOWMbHbIX MaJIeCOHTONOTMYeCKHX JaHHEIX JaTHpyloTca COOTBETCTBEH} 
CpeqHUM MW BepXHHM OpJOBUKOM. | 

HwxkHAAa rpanula OpsoBuka HaGviofalacb HAMM BO MHOrUX NYHKTAaXx, H Beg} 
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ApAaKTep ee, a Take MMTOMOFMYeCKHH COcTaB HM OOMMK MOPOL HWKHUX cOeB 
)AOBHKa OCTABAaJIMCb HEM3MeCHHBIMH. B KauecTBe NpHMepa NpHBeseM j1Ba NYHKTa. 
1. Ha mpaBom ckJione onunpl p. B. $139, B 4kM OT ero ycrbs, OblI0 pacuH- 
eHO HeOosIbIU0e OOHAKeHHeE, B KOTOPOM MauKa YepeAYIOWUXCH CepPbIX KBapUeBbIX 
OHTIOMepaTOB HM KBapluTO-rec- 
Kon pe3KO HecorsacHO Ha- Ta RE iG TF 
sraeT Ha Te€MHO-cepble KBapILH- EN , of edaalnenul Kameno 
)-MeCUaHHKH aJIbOHTO-xJIOpuTO- 
IKOMMCTO-KBaplleBOrO —COCTAaBa; 
JieHue KOHTIOMepaTos IOB 104°, 
rou Mawenua 66°; mayenue TeMHO- 
PpbIX KBapluTO-necuaHukoB C3 
0°, yrom nagenua 70°: Ppanuia 
2K]Y KOHTIOMepaTaMH HW TeMHO- 
PbIMH KBapllHTO-necuaHukamMu 
CbMa “eTKad HW MpecTaBisaerT 
60% HepoBHyio (MemKOOyrpH- 
ylO) MOBe€PXHOCTb, OPHeHTUPO- 
Loe COrlacHO CO CJIOHCTOCTbIO 
qUKU KOHTJIOMepaTOB HM KBapIlu- 


)-eCYaHHKOB. OTa MOBepXHOCTb 
| TIPHHWMaeTca HaMH 3a HYxK- 
O10 rpaHuly OpsoBuka. 
| CyeqyeT yMoMaHyTb, 4TO CO 
a K er pasnran 


‘OPOHbI Ma4dKH KOHTJIOMepaTOB U 
BapIMTOB-MecuaHHKOB jJlaHHOro a SSS 
j\Haxenua, B 150—200 m wro- | 
pcTOUHee eFO, B CKAaJIbHbIX BbIXO- BW 
AX ,OOHAKAaIOTCA KapOOHaTHbI!e N0- o § 1 6 ahem 


| ° : 
Dbl c cbayHOH cpesHero OpAOBHKa. ‘ 
| 9 aye < see ES, Pole Bee SSNs Gees (Dade 


mu3 noc. Cp. YcbBa) B 6epero- (Sal? Ee bess (20 (ely baz 
bIX OOHAKeHHAX P. YCbBbI Ha j 
DOTAxKeHHU 1 KM HeNpepBIBHO 06- Puce. 2. Cxema ckKNaluaToH CTpyKTypbI ceBepHoH 


z yactu UycoscKoro Ypana. / — kommmexc cbayHu- 
Fae tIOTCH PaSNHMHBIC AOOPAOBUK~ ~ orauecku OXapaKTePH30BaHHbIX OPNOBHKCKO-CHJy- 


we NOposbl UWIMPOTHOTO WIM pniickux otmoxennii; 2 — ocayqouno ByaKaHoreH- 
MH3KOrO K He€MY IIPOCTHPaHHA. Hble OOpas0paHHA MNpeANOMOKUTeIbHO OPAOBUK- 
200—400 m BocrouHee 6epero- CKO-CHJIypulickoro Bospacta; 3 — BocTOUHaA 30Ha 
S MOOPAOBUKCKUX To; 4 — 3alaqHad 30Ha Woopzo- 
IX OOHAKEHUH (puc. 1) Ha YMO-  BYKCKHX TOJIL; 5 — MHTpy3Hu W1aTHHOHOCHOH 
MHYTbIe BbINe NOpOAbl Pe3KO — rad6po-mepugorTuToRoli cbopmaluu; 6 — ocepax m10- 
ScorniacHo HavylieraeT Wayka KOH- ckoctTb Bacero-KsapkyuicKoro aHTHKWHHOpHA; 
iOMepaToB u KBapILuTO-mecuaHH- a oceBaA IIJIOCKOCTb Bucumo-Y mcopcKoro CHH- 
| kauHopua; 8 — oceBble MIOCKOCTH aHTUKIMHaselt 
He eee DOTCR UA aA O= Pa3JIHUHBIX MOpAAKoB; 9 — oceBble MOCKOCTH CHH- 
AYHbIX TAKOBbIM TIPCAbIAVULCTO x qyHaneli pasmmuHbIx mopsnKoB; JO — 6paxnan- 
DHaKeHnA (nageHue naukH CB tukanuanu; /] — 6paxucnnKaunanu; 12 — rnap- 
B—48°, yrom nayenua 32—43°). HBIM ypadbcKul Boxopasyes 
/40—50 mM kK BocToKy oT nauKH 
DHIIOMepaTOB HW KBapIHTO-MecuaHHKOB HaGJOAaeTCA KAPCTONOAOOHHIN pesbed, 
a3bIBaIOllMli Ha pasBUTHe KapOOHAaTHbIX MOpoL. 
Wasa YACHCHHA XapakTepa COOTHOMCHHA OPMOBUKa C NOACTHMAIOULUMU TOJI- 
JaMM Ha OOWIMPHOH MIOWalM mpuBeyem cxemy (puc. 2) cKaqyaTow CTpyKTypbi 
eH 3aKapTHpOBaHHOH HaMH TepputTopun. Ha 3ToH cxeMe xOpomO BUAHO, 4TO 
“MaluaTad CTpyKTypa OpAOBuKa He ABMAeCTCA YHACJI€MOBAaHHOH, a HMeeT CBO 
OCTBeCHHbIM WwlaH, Ppe3KO OTJIHUAaIOWLMMCA OT TaKOBOrO NOOPAOBUKCKUX TOU. 
O *#e KacaeTCA BbICTYMAalOulero Ha CXCME€ CTPYKTYPHOTO HECOOTBETCTBHA Me@x- 
/ BOCTOUHOM UH 3anayqHon 30HAMH JOOPJOBHUKCKUX TOJILL, TO MbI CKJIOHHBI OObaAC- 
ITb €FO CYylleCTBOBaHHeM KPyMHeHwero Ha 3amaqHOM cKsIOHe Ypasia oopjo- 
IKCKOTO Pa3JIOMa. 
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Bepxuaad rpanuita opfopuka BCKpbiTa WwypdaMM BO MHOrHX NYHKTAaX, E 
HaHOoulee ACHOe MpesCTaBseHHe O Hei JaeT KPpyMHOe CKasIbHOe OOHAaKeHHe, Pal) 
MoslOxKeHHOe Ha MpaBobepexsbe p. YcbBbl, B 1,5 KM woxKHee pyubsa Cypbu. B fai 
HOM OOHaxKeHHH (pc. 3) BCKpbIBaeTca cemyioujM paspes (CHU3y BBepXx): 


FES) Geode Bele Bae EAs Eee Lo J 22) 8 


Puc. 3. Kontakt opgqosuka c cunypom (B 1,3 kM Kory OT yCTbA p. Cypbn). 
1 — 3 — nnaxyjopepu: | — KpynHoKpHcTaMuecKHe MJIOTHbIC JOAOMUTH, 
2 — KpynHokpucTammuecKkHe OpeKuHeBHAHEIe JOJIOMUTHI, 3 — uepeqoBaHne 
IVJIOTHBIX H OPeKUMeBHAHIX TOMOMUTOB; 4—6 — KapayoK: 4 — cBeTVIO-ce- 
pble MeIKOKpuCcTasIMYeCcKHe JONOMHTEI, 5 — cepbie KPuCTasIIMYeCKHe Jo- 
JIOMHTHI, 6 — YePHble OJOMATH3HPOBaHHble U3BeCTHAKH; 7 — MWacThI 
MOpod ¢ OOubHOK cbayHol Mmoxol coxpahHocTu; 8 — TOUKM 3aMepoB dVIe- 
MeHTOB 3auleraHua: 1 — a3sHmMyT magenua CB 70°, yrom magqeHHaA 25°, 2 — 
a3uMyT Mageuua CB 70°, yrom nageuua 40°, 3 — asumyT manenua CB 78°, 
yrom mayenua 30° 


1. UepHpre ZouomuTusupoBaHHble M3BecTHAKH. B moOOHbIX U3BeCTHAKA)} 
gasleraioulHx B 25—40 m crpaTurpaduyecku Huxe, A. A. Kyxapenko Halige 
BepXHeOPNOBUKcKaNn (bayHa. 

2. SaepHOBaHHblli HHTepBal, COOTBETCTBYIONNHH 6—8 M Nauke YePHbIX Hi 
BeECTHAKOB C MvlaCTaMH CepbIX JOJIOMHTOB. | 

3. Ceppie (7 maacTos) H cBeTu0-cepple (6 M1acTOB) JOJOMUTEI; MOWHOCTh nay 
KH 26 M. . 

4, Ceppie OpekuveBuAHbIe H Ooslee MMOTHbIe TEMHO-Cepble DOMOMUTHI. OOHE 
2KCHHAA MOULHOCTb UX He MeHee 70 M. B 14 M crpaturpaduyeckyu BbILIe NOOB | 
JaHHOH WaukH HaMH OOHAapyXKeHbI MHOFOUNCJIeHHbIe Apa Opaxuonogl NeHTamMepouy| 
Horo oO1MKa. B 9Tom xe OOHaxkeHuH A. II. Onnu o6Hapyxun (1940 r.) Penta 
merus oblongus (onpezemenne JI. B. Hanupkuna), 4TO MO3BOIAeT OTHOCHTH 3T 
NOposb! K JaHqoBepH. Crexyer OTMeTHTh, YTO TakaA Ke (POPMa HM B TAKUX Ke Ac 
JIOMUTaX (onpeyeneHue E. MW. Marxosoit u A. H. Xoganesnya) B u306nuH Hal 
nena A. 1. Wlecraxopoit k 17 kM toxKHee paccMaTpuBaeMOro OOHaxKeHHA. 

M3 mpuBeyenuoro paspe3a BUAHO, YTO BCe NOpOsb, BKIOUaM H YepHEle Nome 
MHTH3HPOBaHHble H3BECTHAKHM OeperoBblx OOHaKeHu p. YcbBol c PayHOH Bep? 
Hero OpAOBUKa, CilaraloT BHYTPeHHe EHO KapOoHaTHYIO TOMMY, B KOTOPO 
OTCYTCTByeT HE TOMbKO yIrvlOBOe HecoracHe, HO HM XOTA Obl CKOMbKO-HHOyD 
SHAYHTCJIbHBIM PasMbiB. TakuM OOpasoM, rpaHulla MexKAy OPAOBHKOM H cH 
POM cCTpaTHrpadpuyecku corjiacHa M MpOxoAMT B Mpekemax oXapakTepu3oBak 
Horo paspe3a. Ilo Hamemy MHeHutO, ee WeecooOpa3Ho (OcoGeHHO c TOUKH 3pé 
HUA KAaPTHPOBaHHA) MPOBOAATH 10 NoLouBe OpeKYHeBUAHHIX oMOMUTOB (puc. 3 


Tlammiickasa skcnequua Ilocrynuso 
YpambeKoro reooruueckoro ynpaBleHa IT IT 1959 


UMTHPOBAHHASA JIMATEPATYPA 


1A. H. Apauos, E. HW. Marxkosa, Tp. Topuo-reon. un-ta. YpamecKoro ui 
AH CCCP, B. 17, Ne 1, 1950. ? A. H. UBauos, E. WH. Marxkosa, Tp. Topno-reo) 
Hate Ypampex. tua. AHCCCP, s. 18, 1950. % A. A. Kyxapenxko, Asma3ni Ypami 
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Toxrnxage Akanemun uayr CCCP 
1959. Tom 127, Ne 2 


TFEOJOVHA 


B. 1]. COJIOHEHKO 


O CEMCMH4ECKOM PAMOHHPOBAHHH TEPPHTOPHK 
MOHYFOJIbCKOM HAPOJIHOM PECNYBJINKH 


(ITpedcmaeaeno axademuxom H. C. IWamcxum 8 IIT 1959) 


Jfo HacTosllero BpeMeHM He CyllecTByeT KapTbI celicmuyeckoro palioHupo- 
HAA TeppHTopuH MHP. Bnecte c Tem, B CBA3M C WIHpOKO pa3BepHyBUIMMCH 
) CTpaHe KAalHTaJIbHbIM CTPOHTEIbCTBOM BO3HHKJIa HeEOOXOJMMOCTb XOTA OBI 
MpPHOMMSUTeEIbHOK OWeHKe CeHCMMYECKOM ONACHOCTH OTACIbHBIX palOHOB pec- 
7OmuKU. Matepmastbl, coOpanuble HaMv pH noceuleHud Monromuu B jeKaOpe 
07 r.— auBape 1958 r. nu nione — uiovie 1958 r. Ana M3syyeHuA NOCHeACTBUL 
‘TacTpopuyeckoro To6u-Autalickoro 3eMileTpACeHHA, a Tak2Ke MMerolMecA 
AMTepaType CBeeHHA M0 CelicCMMUHOCTH, TeOJIOrH4eCKOMY CTPOeHHIO UH TeKTO- 
{Ke CTPaHbl, KaK HaM Ka?KeTCA, MOSBOJIAIOT COCTABHTb MpeABapHTeJbHYIO CXEMY 
aicmuyeckoro paHoHupoBanua TeppuTopuH MHP*. Sayaua sta o6meruaetca 
M, 4TO B TMOCeqHee BPeCMA 3HAYHTeIbHO NpPOABUHYysocb BMepel usyyeHue 
aliKkabCKOH CeHCMHYeCKOH 30HbI, yTOUHeHa KapTa celicmMuyecKoro  paiio- 
upopanua Bocrounol CxOupu (°,%,*,'°), cocraBeHa KapTa celicmuye- 
toro patoHupoBpaHua Kuraickoh Hapogznoh Pecny6uKu (1°)** uw onpene- 
HbI SIMUCHTPbl H HMHTCHCMBHOCTb PAa KPYMHBIX 3e€MJICTPACeHHH, HMEBILUX 
ecTO B XX B. Ha TeppHTopHuH MHP un B OnMxKalwMXx MpHrpaHHuHbIx pali- 
kax (1,4.13°15), Tlo pa3sM4HbIM MCTOUHHKaM (JasleKO HepaBHOMeHHbIM, HHOra 
(3 yKa3aHHA TOUHOM JaTbl WIM C yKa3aHHeM JaTbl MO CTaPpOMOHTOJIbCKOMY Nc- 
HCJICHHIO) HaM yjalocb HaHeCTH Ha KapTy 9mMueHTppl 107 3emmerpacenun, 
3 KOTOObIX 4 Ksacca a (11—12 Oansos), 3 Kmacca b (10 6annos), 10 knacca c 
—9 6annoB), 25 kmacca d (6—7 OannoB) u 46 Knacca e (<6 G6assos). 
PacnpefemeHHe SNHIeCHTPpOB 3eMJeTpACeHHH Ha TeppHTopuH MHP snovwne 
jruacyerca c OOWLMM XapaKTepOM e€€ HEOTEKTOHMYECKUX CTPYKTYP, Cpe Ko- 
|PEIX MoryT ObITb BbIfemeHH!: I. Monrosmo-Anralickad HeOTeKTOHMYeCKasd 30Ha 
}p. MonrompeKxuh Antal, To6Outickui Antah, Typryub, Xapxupa, Xau- 
i xou, AutTaH-Xyx3i) M coueTaiolutveca Cc HMMM BNauubl. JIMHelHO BbITAHYTHIe 
JOJOBO-rJIbIGOBbIe MpeeJIbHO HHTCHCHBHO NOAHMMAIOULHeECA CTPYKTYPbI, COCTOA- 
€ M3 TCKTOHHYCCKHX KJIHHbeB, BO3AbIMAaIOMIMXCA C Pa3JIH4HOH CKOPOCTbIO; 
KopMatiuu usruOa uMeroT BTopocTeneHHoe 3Hayeune. II. Llenrpaibyo-Monroub- 
Had HEOTeKTOHHYeCKand 30Ha (xp. Xanral). WlupoKue cso, Bo3fbImMaloujvecs 
HAMBbICIUeHM MHTCHCHBHOCTHIO, OCJIOMKHEHHbIC Ppa3ssIOMaMH — CeHCMOBYJIKaHH- 
ickumu waMHMaMM. III. Ipuxocorompckaa HeoTeKTOHHYeCKad 30Ha. CBo- 
}BOe NOJHATHE OaliKaIbCKOFO THA, OCMOMKHEHHOe CHHKJIMHAa/-rpadeHaMH C BBI- 
{Koi M cpefHelH MHTeEHCHBHOCTbIO MOsbeMa uM omycKaHHa. IV. CeBepo-Mon- 
ib oe HeOTeKTOHHY¥eCKaA 30HA B Ciepe BUHAHHA CeBepo-MourombcKoro 
A3I0oMa. MexkycBoqoBad yHaCJIeloBaHHanA CTpyKTypa fpeBHero, BepxHempo- 
tp O30liCKOFO WIM HY2KHeMaleo30HCcKOroO, 3aloxKeHHA (*), B KAMHO30e — CO CIOK- 
IMM JlMcbbepeHLMpOBaHHLIMH BePTHKAJIbHbIMH JBH2KCHHAMM YyMePeHHOM UH- 


) 


* TIpenmaraemad cxeMa He NOJ2KHa PaCCMaTPHBATLCA KaK OPUUMabHaA CxeMa PaltoHUpo- 
Hana. Kpome o6nuyux cbakTOpos, B Heli, 110 BOSMOXKHOCTH, YYTeHbI OCOOCHHOCTH 3eMJeTPACCHHH 
bHromo-BalikaibcKoit celicMHyuecKoli 30HbI M MH2KeHepHoli reomoruH MHP. : 

| ** Kapra cocrasena Teodusuueckum uHcTuTyToM AKayleMuu HayK KHP nox pyKopodcTBoM 
pd. Jiu Ulen-nana u npop. I. I. PopuiKkosa. 
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TeHCHBHOCTH MH TAaHTCHUMaJIbHBIMA JIBH2KCHHAMM TipeeJbHOM MHTeCHCHBHOCTE 
V. XourToti-Unxolickul cBon. CnaboluddepeHuMpoBaHHble CBOAOBbIe MOAHATH 
C yMepeHHol uHTeHcuBHOcTbIO ABMKeHUH. VI. IlnomjaqHpre cadonude per 
ILHMPOBaHHbIe MOAHATUA C MaslOli MHTeHCMBHOCTHIO ABu2xKeHu — BocTouHad 4 
}Oro-Bocrounaa Moxromua. VII. ByaKanorenuaa o6mactb Jjapuranra. By 
KaHMyecKad «MepTBan» (2?) HeEOTEKTOHHYeCKaA CTPYyKTypa. 

BecbMa MIpHMeuaTeJIbHO, YTO Uepe3 HEOTEKTOHHYECKHe CTPYKTYPHI, BbIParKer 
HbIe TeomopdosoruyecKH H B OOUEM CoBasawwlve C reOMOrHYeCKMMH CTPYKT}, 
PpaMH B IWMPOKOM NOHUMAaHMM, LyrooOpasHo HsrHOalOllMMUCA IpPHOJIM3HTe/IbHh 
TapaJIeIbHO IOXKHOM TocyapcTBeHHOl TpaHuye, «MpocBeyMBaloT» TuiyOMHHB 
HEOTEKTOHMYeCKHe CTPyKTypbI *. IIpuposa nocseqHUX, ECTECTBCHHO, COBEPINeCHH 
HeACHa, HO BJIMAHHe UX Ha HEOCTPyKTyPpbl OUVeBHAHO. HanpaBseHve peqykWHo 
HBIX HeOCTPyKTYP HW2KHerO TeKTOHMUeCKOTO 9TaxKa CyOMePHAMOHAJIbHOF 
Ha tepputopun MHP oco6enHo oTueTJIMBO «MpOCcBeuMBaeT» rIyOMHHAad pexyKUk 
OHHad CTPyKTypa NOrpyxKenusA, NpoxossAtlad oKosO 105° B. 1. Ha ceBepe H CerK 
OTKJIOHAIONLAACH K BOCTOKY MPH MpocsiexkMBaHHH ee B 1OXKHOM HalipaBJieHHk 
OTa 30Ha ABJIACTCA BOCTOUHON MpaHuleH PasBUTHA Pe3KO BbIPaRKeHHbIX HEOCTPY 
Typ BepXHero TEKTOHHYECKOrO 9TAaKa HB TO %Ke BpeMsA JemuT Monrovuio Ha J 
yaCTH, Pe3KO OTJIMUHBIe 10 cBoell ceHicMu4ecKOH akTMBHOCTH: M3 107 yuTeHHBI 
SIMICHTPOB 3eMJIeTPACeHMM K BOCTOKY OT MpeqnomaraemMonH ryryOMHHOH pelyt 
WMOHHOH CTPyKTypbl Haxo_uTcA TOMbKO 6, NpHYeM caOBIX 3eMJIETPACeHH 
(3 43 Hux Kacca d uw 3 Knacca e). CrpykTypa «mpocBeuHBaeT» Ha CeBep NOUT 
Ao 03. Balika, a Ha wor — yepes Bclo TeppuTopuio KHP, u oTueTiMBO xXapak 
TePpU3yeTCA MOHVW2KeHHOH CeHCMHYeCKOM AaKTHBHOCTbIO. 

C cyOMepHMOHAaIbHbIM MOJIOXKeHHEM TIYOMHHBIX PeYKIMOHHBIX CTPYKTYE 
BePOSTHO, CBA3AH TOT @akT, uTO B Mouroso-BalikaIbcKOH CeHCMHYeCKOK 30 
IPH 3eMJIeTPACCHHAX HMCIOT 3HAUHTEbHOe PACNPOCTPaHeHHe NOTPACCHHA BKPeCg 
WIM JWaroHaJIbHO K BHJHMbIM CTpyKTypaM. 

B 3anaquoi uacth MHP. nwan6onee celicMH4ecKH aKTHBHbIMM ABJIAIOTC! 
Mouxrowo-Antaiickan, Llextpampuo-Monrosmpekan uu Cepepo-MonroupcKa’ 
HeOTeKTOHHYeCKHe CTPyKTypbl. K HUM MpHypoueHbl KPyNHble PaHOHbI C CHJOT 
3eMJIeTPACeHHH 9 Gan0B vu BHIe (WO 11—12). IlepBasa u3 Hux OTMMUAeTCA BBICE 
meH CeHCMHYeCKOM aAKTMBHOCTbIO. OMHUeHTPbl KPYyMHeHWMX 3eMJIeTpACeHHE 
TIPHYPOUeHbI K Pe3KO BO3/bIMAIOWIHMCA TEKTOHHYCCKHM KJIMHbAM; BMaMHbl AG 
CeHCMHYeECKH Ooslee CNOKOHMHBI, WH B HHX MOMKHO MpesnosaraTb HasiMune yYUacTKO: 
Cc CHNIOH s3emseTpaAceHHu B 8 u 7 GamOB. 1 

B LlentpabHo-MonrosbcKolt CeficMHUeCKON 30HE pasJIOMbI HpaloT MeHbILyHe 
POJlb MO CpaBHeHHIO C MpesbiqyueH 30HOH, CTpykTypa MeHee pa3ypoOseHae 
ABYKeEHHA MdPepeHIHPOBAaHbI ClaGee, H, ECTECTBEHHO, OHA CEHCMHUECKH MeHe 
aKTHBHa, XOTA H B Hel H3BeECTeH PHA 3eMIeTpACceHH BY u axe 10 GannoBh 
XapakTepHOH OcoGeHHOCTHIO STOL CelicMH4eCKOM SOHbI ABIAeTCH HamMuue cep 
CMO-BYJIKAHHYeCCKUX JIMHHM, OKOJIO KOTOPbIX KOHICHTPHPYIOTCA SIMUCHTPbI 3eM 
J€TPACCHHH, MOTYXWHe BYJIKaHbl MW ACHbIC CJIe{bI HeaBHUX TPeWLMHHBIX H3IMAf 
HU OasabToB. MMeHHO JIA STON 3OHbI HMeIOTCA YKa3aHUA, UTO B Hayate XIII B 
SEMJIETPACeHHe B BEPXOBbAX P. OPXOH CONMPOBOXRMasOCb H3IMAHHEM JaBbI (aT) 
NOJTBEP2KJEHO COBPeMeHHbIMH TeOJIOrHyeCKHMH HaOJIOJeHHAMN). 

Cepepo-MonrosbeKaa TeKTOHMYeCKad 30Ha MOpoulorMueCKH BbIJemseTC: 
He TaK OTYETJIMBO, Kak [Be MIpeAbIAyUlve, HM MCKJIOUMTEIbHO BbICOKaA ee Celi| 
CMHUHOCTE (10 11 6annoB) O6ycOBINBaeTCA He CTOJIbKO PalaJIbHbIM, CKOJIbK(p 
TaHTeHIMaJIbHbIM PaSBHTHEM CTPYKTYP; TlaBHelilaA M3 HHUX — %xMBOH CeBepole 
MonroupeKnit passiom AuHoli 6onee 1100 Km. Ilo MHeHHIO HEKOTOPEIX TeomOroB 
NOCJI€QHHH ABJIAeTCA TpaHullell Mexky KasleOHCKOl (Ha CeBepe) UM replHHCKOiH 
CKlaquaTbIMH CTpyKTypaMu. | 

OHeprusd PasBUTUA HEOTEKTOHHYCCKUX CTPyKTyp B Cepepo-Monrombekoli 30Ht) 
K BOCTOKY NOHMKaeTCA, HB STOM Ke HallpaBJeHHU eT CHHXKEHHE CHILI H3BECTH 
HbIX HaM¥3emseTpsacenuli c 11 yo 7 6aoB. | 

_ * Tlockombky onM Kak OyjTO CTPeMATCA CO3qaTb KPYMHbI€ YMPOUeHHbIe CTPyKTypEI 3emip 
HOW KOPhl, ux, OYCBH]HO, MOXKHO HA38BaATb «pey KUHOHHBIMH» (NoqHATHA M TOrpy2KeHHA). 
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Menee HHTCHCHBHEIX (9 OaOB HM HM*Ke) 3CEMICTPACCHHH MOXKHO OMKUTaTb 
TipukocoropeKoH HeOTeKTOHHYeCKON 30HE, Tle 3€MJIEeTPACCHHA BO3SHUKAaIOT 
DEMMYLIECTBEHHO Ha PpaHlle BOSALIMAIOWMXCA Y4ACTKOB CBOJa HM MOrpyxKaro- 
MXC CHHKJIMHAaJI-rpaOeHos, T. e. 3[eCb Mbl HM€€M CelCMOreHHbIe CTPYKTYDPbI 
fikapcKoro Tuma (°,°,}4), 

B 3akmroueHHe KpaTKOH XapaKTepHCTHKH BbICOKOCeHCMHYHOH 3anayHoli 
JOBMHEI TeppHTtopuH MHP uesmb3sa He OTMeTHTb, UTO XOTA NepeduceHHpIe 
hiiCMOaKTMBHbIC 3OHbI BLITATHBAIOTCA BAOJb BUAMMbIX PeOJOPHYeCKUX CTPyKTyPp, 
e. rpyOo roBops, B CYOMIMpOTHOM HalpaBJIeHHM, B TO Ke BpeMaA HanOoulee 
KTHBHad 30Ha MepeceKaeT BCe STH CTPYKTYPbI MOUTH BKPeCT UX MpocTupaHua. 
ee KOHTYPbI NoMafatoT Bce HaHOosee AKTMBHbIE yUaCTKH MepeyucseHHbIX 
rpyxtyp. MoxHo chesaTb NpesnosoxKeHHve, UTO 34eCb, NPHOMH3HTeIbHO Mex Ly 
8 uw 104° B. ., BO BTOPOM -HEOTEKTOHHYCCKOM CTPYKTYPHOM 93TaKe, Yepes BCIO 
OHTOJIHIO MPOTATHBaeTCA PeAYKIUMOHHAA CTPYKTYpa NOAHATHA, K KOTOPOH U 
OMYPOUeHbI BCE H3BeCTHbI€ SIMICHTPbI CHJIbHeEHMIUX semseTpaAceHuAH MHP. 
_B sBoctouxHol nomopune MHP orjesbuble U3BeCTHbIC SIMICHTPbI 3eMJIeTps- 
PHM TATOTEIOT K y4uaCTKaM C Govlee HH MeHee OTUCTIHBO BbIPaKeHHBIM BCTpey- 
bIM J[BHXKeEHHEM — K OKPaHHaM Bilao 3a0aKaJIbCKOFO TuMAa, OCJIO%KHEHHBIM 
pocamn (Toma-rompeKue, OnoH-rojpckHe, XyTyJI-XUWACKMH 9MHUeHTPpI). 
/€CKOJIbKO OO0J1€€ CHJIBHbIX 3EMJICETPACCHHH MOXKHO OXKU[LATh B CBA3ZH C PasBHTHeM 
‘9HT3H-UnKolicKoro cBoja. 

Bocrounaa « lOro-Boctounaa Monroaua mpakTHuecKH ABJIAIOTCA acelicMuy- 
IMM: CTaTHCTHYeCKHH MaTepHadl HU XapaKTep HeOTeCKTOHHKH JlaloT BO3MOx- 
2CTh OTHECTH STY OOWIMPHY!O MOllayb K pawoHaM c cHuJOl! 3emieTpAceHHii 

u 4 Oana. HecKoObKO COMHHTEIbHOH B 9TOM OTHOWICHHH ABJACTCA «MEPTBAaA» 
yMKaHoreHHas cTpyKTypa Jlapuranra, rye, No-BAJHMOMYy, B JpeBHeHcTopH- 
PCKO€ BPe€MA JelHCTBOBaAIM JeCATKH BYJIKAHOB, IIPHyPO4eHHBIX K passOMaM. 
(@ UCKJNOUCHA BOSMOXKHOCTb OMKMBJICHHA TEKTOHHYECKONH JeCATeJIbHOCTH B 30HE 
‘apuraHr, HO OTCYTCTBHe B HEH OMpeeJIeHHbIX MPH3HaKOB COBPeMCHHbIX JBH- 


Taoauna 1 


SMMMeHTpbl 3emMueTpACeHuH CHO 6—7 OannoB u BbIWE 


iS Koop- A Koop- 

2 AMHATHI = WuuvaTHl 

3 (mpu6.1.) o (pu6a.) 
| [lata arg a HaumMeHoBaHue Tara : = Aa ele HayumenospaHue 
| e |O| # = |o| @ 
| (S) CSlleacs oO Sal rc 
862 r. 7 |43 99 Llarau-BorgoccKkoe 1930 17 VI 7 |43,5|102,5 | Hameretylickoe 
902 r. 10 |43 |103,7 | Typ6an-CafixancKkoe 1934 10 VIII}10—11}47 90 Moxuromo-AaralicKkoe 
03 1 Ill 10 |48 | 98 Tap6aratTalickoe 1932 2 VI 6—7 |47,4/102,3 | LlIsuapmurcKkoe 
5 9 VII 41 |49,2| 99,8 | Tanny-OnpcKoe * 49329 VII | 6—7 |50 | 91 Y ploKcKoe 
N56 23 VII} 44 |49,2) 98 TaHuy-OspcKoe * 1932 9 VII | 6—7 |49,3} 93,6 | Xupruc-HypcKoe 
5 30 IV 9 |44 404 Baau-YuAypcKoe 1933 23 III | 8—9 |48,6)104 Toma-OpxoucKoe 
Seal WI | 6—7 \47 98 Basu-BysakcKkoe 1938 71 6—7 |46 | 96 TymMyuHcKoe 
0 20 IX | 6—7 |45,5) 94 Xy6unnH-HypcKoe 1938 19 X 6—7 |49 | 90 Y maraTalickoe 
2 20 VII 9 150 94 YprwKckoe 1938 17 XII} 8—9 !47,7| 92,3 | Xapa-ycy-HypcKoe 
344 IX | 8—9 |48 96 Yuayp-MangancKoe 1939 19 V 7 \50;6) 98 Xa-KemcKoe 
D3 23 IX | 6—T |47 | 95 XacautTylickoe 1950 4 IV 9 |51,8)104 Mouyunckoe * 
o 7 VI 6—7 |48 {105 Toma-rombcKkoe 4948 27 VII Sy ele) ee) TaxuH-mapcKoe 
» 24 VI | 6—7 |48 1/105 Toma-rombcKoe 19514 1 7 |48,6|111,5 | Onon-rompeKoe 
7 27 II 6—7 |48 |105 Toma-rombcKoe 4957 6 II 7 {50,41|105,5 | KaxtuucKkoe * 
1 20. V 6—7 |50 91 Y pwKkckKoe 1957 4 XII |44—12)/45, 1) 99,15) To6u-Antraiickoe 
at) VI 6—7 |45,3] 94 XyOuHH-HYPCKOe 1958 71V 10 /45,2]) 98,6 | Baau-LlaraucKoe ! 
A 30Gl 8—9 |47,5/102 Llsuspaurckoe 4958 10 IV 8 [52,3] 98,6 | BepHe-Enuceticxoe 
0 43 III 7 (46,5|102 TawauH-rogmbcKoe 1958 23 VI 7 148,71103 OpxoHckoe 


IIpumeuauna. I. Kpome toro, umeiotca cpefenund o 6—7-6anbHbIX 3eMmeTpace- 
AAX B cCwlemyloulMx mWyHKTax: Ayoxu-Borgo (45° c. w., 95° B. ga.), Tamup (48° c. m., 
2,4° B. W.), DypOan-Calixan (44° c. m., 102,5° B. a.), Xytya-Xug (45° c. w., 107,5° 

q.). Ilo meromucam M3BecTHO, ¥TO BO BpemMeHa Unuruc-xaHa KaTacTpoduyeckoe 3emue- 
sieente MPOHSOUIO B BEPXOBbAX Pp. OP OHM (40; Omen wallop Ul2, Oe weBiue Tl). 

II. 3Be3qoukolH oTMeueHbI Ha3BaHHA S3eMJIeETPACeHHH, Bolle quine B JIMTepatypy. !— Ko- 
) MH ATEI SMMMeHTPa H CHJla 3eMJETPACEHMA ONpeseMeHb! aBTOPOM Tio HaOMOeHHAM B STW- 
SHTpaJIbHOH 30He Haj| MaKpOceHcCMHYeCKHMH 9PPeKTaMH. 
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7) 


2KCHHH 3€MHOM KOPBI, a TaK2Ke CBEJCHHH O MECTHBIX 3CMJIETPACCHHAX KaK Ha Tep: 
putopuu MHP, tak u KHP (7°) ne gatoT ocHoBaHHH HcKOUnTD Jlapuranry ui: 
MpakTHyecKH aceHCMH4HOrO pahoua. 


MUxcrutyt reonorHH Boctouxo-Cu6upeKoro Iloctymusto 
(pHanana Cu6upcKoro oTleneHiA 11 VIII 1958 
. Axkayemuu nayK CCCP 
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Nokauagn Akanemuu wayr CCCP 
1959. Tom 127, Ne 2 


TPEOMOLHA 


10. ®. YEMEKOB 


4YETBEPTHYUHDIE OJIEAEHEHHA MYCCOHHOM OBJIACTH 
AAJIbBHETO BOCTOKA CCCP 


(ITpedcmaeaeno axademuxom H. II. Fepacumoseim 27 II 1959) 


OJHUM U3 Hay4HbIX JOCTHXKeHHH MoceqHUX JIeT B U3yYCHHH YeTBeEPpTHYHOTO 
epHofa BOCTOYUHBIX paionos CCCP sBasetca ycTaHOBseHHe HeOJHOKPaTHOCTH 
eTBEPTHYHOFO OJIEeHeHHA MyCCOHHOH OOsacTH JlambHero Boctoka u CHHXPOH- 
OCTH JIEHHKOBbIX 3110X YKa3aHHOH OOacTH H TOPHBIX paHOHOB Apyrux uacTek 
CCP, Esponst u Boctounoh As3un. 

B pe3ybTaTe MpOv3BeZeHHbIX HAMM Feomoro-reoMopdoulornyeckux Ucceso- 
aHMH, M3yYeHHA aspoOTOMaTepHaOB MW JeTaIbHbIX TOMOJIOrHYeCKHX KapT, 
TaKKEe MATePHaJIOB, MOJIYYCHHHIX B Pe3YJIbTaTe TeOMOrMYeCKUX CbeMOK J[asb- 
ero Boctoka, B NocsieqHHe TOLbI MOJyYeHO MHOFO HOBbIX Ja@HHbIX O YeTBEPTHY- 
OM OviefeHeHHM. K HacTOALIeMy BPeMEHH CIeMbI MOCMeqHerO YCTaHOBJIeCHbI Ha 
JIJaHCKOM HarOpbe, BO BCeX SHAYHTEJIbHBIX XpeOTAX MaTEPHKOBOH YaCTH CO- 
etckoro JlambuHero Boctoka (CraHopoi, Jxyrmxyp, Tepau, YaKkauckas Wenb, 
lypukan, I[Ipu6pexupi, ropHad rpynna Ha Bozopa3qene pp. CupakaH u Tok, 

BepxoBbax Seu, JixKyrapip, Atarckuli, Hemepukanckul, Maticxui, JlaBaa, 
ykypuurpa, Talikanckui, Tpiipckui, Broxo, Sm-Annub, Mesanyoxa, 9s0n, 
[yece-AnuHb, Bypenucknii, OtTKkusb-WAuHKauckui, Bagkanpcxul, Typaua, 
uxoT3-AmuHb), Ha Kamuatke, Kypusapckux octpoBax, Caxasuue. Cyegbl 2By- 
paTHOrO NOxOOLaHuA 3aMevaTJIeNMCb B JOHHbIX OcayKax OxoTcKoro u Bepuu- 
opa MopelH. M3 3apy6exHbIxX TeppuTopHkh BocrouHoh A3sHu Npu3sHakH [peBHero 
jeleHeHHA U3BecTHADI B Monromuu, Kutae, Anonuu, Mnzuu. Coppemenupie 
eCMHHKH CYIIECTBYIOT JIMIIb Ha KamuatTKe uw B TumManaax. 

Ciefb peBHero oeqeHeHHA Ha coBeTCcKOM J[ambHemM BoctToke mpefcTaBJIeHbl 
aK CKYJIbIITYPHbIMH (Kapbl, WMPKH, KapJHHTM, TporoBble JOHNEI C CapaHbuMu 
6aMu HM pHrewAMU), TAK MH AKKYMYJIATHBHBIMH (OHHbIe, OOKOBbIC H KOHCUHEIC 
OpeHb!) PopMamu pesbeda. Xopowio BEIPaxKeHHbIe Kapbl H WHPKH, MMerOULHe 
NOMepeuHUKe OT HECKOJIBKUX COTEH METPOB lO 4—5 Km (yaule 1—3 KM), B Kaxk- 
OH M3 KPYMHBbIX TOPHbIX cHcTemM (XpeOtp Cranosok, JKyryxKyp, Tpwipckui, 
IM-ANMHb HW Jp.) HACUMTHIBAIOTCA B KOJIMYECTBE JO HECKOJIBKHX coTeH. B Oomb- 
IMHCTBE CJIYUaeB OHH 3HAUHTEJIbHO OTMHUAIOTCA OT C1aOO PasBHTbIX WHPKOB U 
apop Anouckux Asbn, JeTambHo onvcaHHbix MMamypou, ABJIAACb MOpdosoO- 
MWYeCKHMV aHaJOraMH THMMUHBIX KaPOB HW WHPKOB paHoOHOB ropHoro OIeseHeHuA 
‘Bponbt HU CepepHow AmepuKku. Cpequ omucpipaemMblx copM HaOsroqarorcs: 
) 6oee [peBHHH KOMMNIeKC C Pa3MbITbIMH OVePTAHHAMH, PaCHOJOMKeHHbIN Ha 
M3KUX aOCOJNOTHBIX BbICoTax (qo 800—1200 m B xpe6rax Hm-Anuub, OTKMIb- 
[HKaHCcKHM, TypaHckuii u Ap.) B ropHoTaexKHO 30He xpeOTOB; 2) HaHOoulee 
CHO BbIpaxKeHHbIM KOMMJICKC XOPOWO CHOPpMMPOBaHHbIX KapOB H IMPKOB, 
a3BUTbIX B FOJbILOBOM 30HE xpeOTOB; 3) KoMMueKc HaHOoslee MOJOAbIX KapOB 
 8aUaTOUHbIX KapOBbIX HHI HavOosee BbICOKOrO YPOBHA, HepeKO BPe3aHHbIx 
CTeEHKH Ooee JpeBHHX Kapos. 

Ha nepeyrsy6JleHHbIX JHUUaX KapOB H WHPKOB OOBIUHBI O3epa H MOPeHHbIe 
OpasopaHna. IIpu Brxose 3 HUX HaGsOfaloTca Jo 2—3 rps], KOHEUHBIX MOPeH. 
\aK TIpaBUsIO, YIJIMHeHHbIe OCH WHPKOB M KapOB pacnOJlaraioTcA Nepnenduky- 


423 


AAPHO WIM MOUTH MepMeHLUKY.IAPHO OCeBbIM JIMHHAM XpeOTOB, BbITATHBAAC]s 
BOb peuHbIxX JomMH. Hepegko HaGOofalorca AByX- WIM TpexcTyNeHuaTHly 
JIECTHHLI XOpomo ccbopMupoBaHHbIx KapoB. MHorga peu GepyT Hayao B OO} 
UIMPHBIX IMpKaX, M3beeHHbIX MO MepHdepHH KPYyNHbIMA BHCAYHMH KapaMu 
V3 WupKOB HauMHaloTCA TPOFOBble AOJIMHbI WJIMHOIO OT HECKOJIBKUX KHJIO 
meTpos 0 40—60 xm (pp. Yryx, Caprakanja, Topom, Myxukan, YHAbITHIH)§ 
B KOTOPBIX WIMPOKO pasBUTbI puresM, OapaHbu Obl HW AOHHbIe, OOKOBEIe | 
KOHeYHBIe MOpeHbI. B tTporax HaOmiogaeTca Oo 2—3 KOMMJIeEKCOB KOHCYHBE 
MopeH. 
Cpequ meqHuKOBBIX oOTJO0x%KeHHH JlanbHero Boctoka k HaHOouee IpeBHuTy 
OTHOCATCA MOKPOBHbIe BaJIYHHbIe CyrIMHKM TOKMHCKOH BilaQMHbl, 5ppaTHyeckH h 
BaJlyHbl 9K30THYeCKOrO MeTporpaduyeckoro cocraBa AvIaHcKoro HaropbA ‘f 
MopeHa, OTKPbITat HaMM Ha BepluMHe conku BbICOTOIO 874 M (OTHOCHTebHa: 
BbIcoTa OKOIO 250 M) B GacceliHe p. MyHuKaHa, NOJyNOKpOBHOrO OvleqeHeHH fh 
WIM OJICNCHCHHA THA JICMHHKOB MOJHOKbA. ITO MaKcHMaJIbHoe AIA JlabHer ff 
BoctToKa ouleqeHeHHe BO3MOXKHO COMOCTABJIATb C MAKCHM@JIbHbIM OJIeeHeHHelp, 
TOpHEIX palionos CuOupu u EsponeiicKoli uactu CCCP, orHoca ero, TakuM OC}, 
pa3oM, K cpeqHeyeTBepTHuHO amoxe. Bomee MOJIOQbIMH ABJIAIOTCA KOMIVJIEK]) 
KOHEUHBIX MOPeH MoULHOCTHIO Gosiee 110 M, CBA3AHHBIX Ha BOCTOUHOM CKJIOH®, 
xp. Am-Anuua c 30—40-merpoBolt WHKIOBOH TeppacoH (cJIOxKeHHOM sIOBUCE 
TIAWMaJIbHbIMH TaJieuUHHKaMH), HM KOMMJICKC KOHCUHBIX MOPeH MOULHOCTHIO Ah. 
30—40 mM, counenstouluiica c 10—20-merpopoi tTeppacouw (p. MyHuKkaH§. 
Ha 3anaqHOM CKJIOHe yKa3aHHOro xpeota, Oslarofapa Oouee BLICOKOMY pacnoucy. 
2KeHHIO 6a3Hca 3PO3HH, MepBbIt M3 HHX cBxH3aH Cc 12—15-mMeTpoBou, BTOpoH —H 
c 6—7-meTpoBoli Teppacamu (OacceliH p. CemuTKaHa). B OHHBIX ocaqKax Oxo1 
cxoro 4 Bepuxropa mopeii (7,1°) o6HapyxXeHbl Culeqbl ABYX 9MOX MOXONOLAaHHy 
UMEIOILHX AOCOJHOTHbIM BOspacT OKOO 63 000 u 22000 set, T. e. YKIaqbIBaIOnLys 
CA B PpaMKH BePXHeYeTBEPTHYHOH SMOXH (yKa3aHHble WHPpPbI BLIMHCJIeCHbI HaM 
Ha OCHOBaHHH CKOpocTH OcafwKOHaKkorseHHA). TakuM OOpa3oM, B BepxHeueTBef 
THUHOe BPCMA HaMeuaIOTCA JBa ONeeHeHHA (HIM [Be (a3bl EAHHOH eHAKOBO® 
3M0XH), Ha3BaHHble MYHHKaHCKHM HM CeJIMTKaHCKHM 110 ABYM XOPOIIO BbIpakerf 
HbIM KOMMJI€KCaM KOHeUHbIX MOpeH B xp. SM-Auuub (14). YuuTerBasa cma6yt0 M3) 
Ye€HHOCTb CJIeQOB OJIeMeHeHHH, yKa3aHHyIO CXeMY CJleqyeT CUMTaTb MpesBaprY 
TeJIbHOH. 
Ha tepputopun Jlaibnero Boctoka pa3iIMuatoTca CleLyIoulwe THMbI ApeBH 
JICMHHKOBbIX TeOMOPoJOrHyecKHX WMaHAWaprTos. 
1. KaposBo-Tporopoe ovleqeHeHHe PIly6OKO H HHTCHCHBHO paCuJIeEHeHHBIX Prof} 
HbIX XpeOTOB, ABJIAIOWeecA HaHOoulee PacIpOCTpaHeHHbIM THMOM JIA TOPHbI 
xpeOTos, MOo,HHMarolMxca Jo 2500 M. H. y. M. HW MMeIOULMX abMMHOTHMHEI 
OOMK perbedba. THMMYHbIH KOMMVIeKC Jie {HHKOB STOO THMa BKJIOUaeT KapOBbh 
BHCAMHE, MPOCTble H CJIORKHbIe NOJIMHHbIe Je HHKH. HanOouee pacnpocTpaHeHHs 
MH ABJIAJIMCb KapOBble H CJIOMHbIC JOJIMHHbIe WeqHHuKH. B paiionax c Oombuol, 
MOJOMKUTEIbHOH Pa3SHOCTbIO OJIeqeHeHeHHA (xpeOTHI Cranopoi, Am-Annup # 
Jp.), BO3MO%XKHO, CYLIeCTBOBAJIM JICEMHHKM C paClIMpeHHbIM KOHILOM. ‘| 
2. Osefenenve HaropHil, XapakTepus3yiolleecA PasBHTHeM MOsyNOKPOBHOrs 
ouleqeHeHua (AmjaHcKoe Haropbe); moO nepHdepHH xe Haropba, y NOMHOMEL 
CraHoBoro xpeOTa, MOFIH CYIeCTBOBaTb JIeqHHKH Tuna Maansacnuna. 
3. OneyeHeHve Trop cTOOBOrO THMa XapaKTePHO [Id HeKOTOPHIX paitoHc} 
m-o. KamyaTKH 4 KypHJIbCKHX OCTPOBOB, Te WHPOKO Pa3BHTHI NOJHATHIEC ER 
OOJIbULYIO BLICOTY A peBHHe NOBePXHOCTH JeHYLalMOHHOPO BHIPABHUBAHUA H Ji 
BOBbIe MWiaTO. Secb pasBUBaIMCb JI@QHMKH CKaHAMHaBCKOTO THIMa, KOTOPBI 
ciyCcKaACb B JOJMHbI PeK ASKIKAMH, OOPASOBbIBaJIH NOJMHHBIC COKHIE U MpoOm 
The JI€HUKH. i 
4. OneweHeHve Top BysKaHuyecKOoro MponcxoxwyeHua (KamuarKa, Kypumil 
ckKue OCTpoBa) XapaKTePpH30BaJIOCb, KaK H COBPe€MeEHHOe OJIEeHeHHe, CJIOXKHBIE! 
KOMIWJI€KCOM JI@HHKOB C€ YHaCJIeqOBaHHbIM OacceliHoM (JIeMHHKH KasIbyep} 
AOIMHHBIX, 3Be32000pasHbIx, O/yAKTalOWlHX, KapOBbIX, BHCAYMX, C pacmupe};) 
HBIM KOHIOM H JI€HHKOB MOJHOKHM. 
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PaCHOJIOXKeHHe CHETOBOM JIMHMM JyuMe BCero H3yueHO HaMM JIA BepXHe- 
BePTHUHOH JIEMHHKOBOM 9OXH. Onpefeiaiacb OHa JByMaA MeTO,amMu — 
pacnOJIO*KeHMlO JHMUL KapoB HW BapMaluelt Metoga Tecbepa Aa omy pex, 
PTOPLIX CYIMIECTBOBAJIH MPOCTHIe JOJMHHbIe JIeHAKN. OTHMH JBYMA MeTOaMu 
‘M MIIPOH3BeeHbl MaCCOBbIe OlpeeJIeHHA BbICOTbI BepXHeYeTBeEPpTHYHO 
TOBOK JIMHMH. Oxkasal0cb, 4TO HaOOJaeTCA ee OTYETIMBOe MOBbILeHHE 
pBepa Ha tor (oT 700 mM B xpeOtax JDKyrgaxype u Ipu6pexnom, na 56—57° 
m., 20 1300—1400 m B xpe6Tax TpipckKom wu Am-Amune, Ha 53—54° c. m. 
500 m B Cuxors-Amnue, Ha 48—49° cc. m.). Bricora cHeroBoli MHMH NOBBI- 
bTCH Tak2Ke C BOCTOKa Ha 3anay. Tak, HampuMmep, mo 56—57° c. m1. oHa yBe- 
juBaetca oT 600—700 m B IIpu6pexuom xpe6re yo 1500—1600 ms Cranosom 
lore. Ha ck0HaX BOCTOUHOH HM CeBePHOH SKCHOSHILMM CHeroBasd rpanula, 
| WpaBuslo, pacnomarasacb Ha 100—200 M Hue, 4eM Ha 3aMaHbIX HM IOXKHBIX. 
PMOAaeTCA OTYCTIMBOe MOBLIWEHHE CHETOBOH JIMHHM OT TepucbepHu TOpHEIX 
|OTOB K HX OCeBbIM YaCTAM BMECTE C BOSPaCTaHHeM AOCOJIOTHBIX BbICOT B TOM 
HalpaBseHun. B xpedre JKyryKyp, OHaKO, aOCOJIOTHBIC BbICOTHI CpesHe- 
BePTHYHOM CHeroBoli PpaHHUb! pu ABYxKeHUH OT Gepera Mops (c 10rO-BOCTOKa) 
JtyOb MaTepuka (Ha ceBepo-3anaq) HempepbiBHO yBeMuNBaloTca (or 500— 
| qo 1200 M) mpx o6tlem noBbIeHHM aOCOJIOTHBIX BbICOT B TOM Ke HampaBste- 
i KOTOpble, OAHAKO, sanayuee xp. JoKyrgoKyp ocTaioTca Oosee HH MeHee 
‘TOAHHBIMH. 

\enpeccusa cHeropolt JIMHHM B STOXY BepXHeYeTBEPTHYHOLO OseeHEHHA Obisa 
}OJIbHO 3HAYHTeEIbHOH, O 4eM JaeT IpescTaBseHve Ta6n. 1. 


ihautey asaya 


Tleipeccua BepxXHeyeTBepTH4YHOH cHeroBow rpaHunbl Ha JlambHem BoctoKe 


Ilpeanosar. 


Patioubl 


A6c. BbICcoTa 
cOBpeM. 
CHeroB. 
JIMHMM, M 


a6c. BbIcoTa 

cOBpeM. NMos0- 
2KCHHA HOKE, 
rpaHHUbl XHO- 


Cpenu. a6c. 
BbICOTa BePX- 
HeueTBEPT. 
CHeroB. 


Jlenpeccua 
CHeroB. JIHHHU 
B 9NOXY Bepx- 

HeuveTBepT. 


JI“HUH, M ojlefeH., M 


Hocwepbl, M 


—61° | CepepHan KamuatKka 4000—1200 500—600 500—700 
—59° | CpenHaa KamuatKa 1600 600—700 900—1000 
—52° | Xp. Am-Aauub, 9300, JTyc- 

ce-AuuHb, Bypeauckni, 

Bamxkalbcku 2600 1400 1200 
—49° | Xp. Cuxors-AmuHb 2900 1500 1400 


Takum o6pasom, lempeccua cHeroBol rpaHHUbl yBeIMYMBasach IPH WBMxKe- 
c ceBepa Ha tor oT 500—700 yo 1400 m. 
Tlonvxenve cHeropoli rpaHHubl (HIM HM xKHeli TpaHulbl xMOHOCHepb!) B 
DXy BePXHEYETBEPTHYHOFO OJIeJeHeHHA MOFIO ABMTbCA CJIeACTBHEM MOHM2KE- 
if CPeMHETOAOBOH TeMMepaTypEl, BLISBAHHOrO KOCMHYeCKHMH WIM MJlaHeTap- 
MM IIpW4uvHaMH, KOTOpble MbI 3feCb He paccMaTpHBaemM. MoxHO yBepeHHO 
araTb, UTO B aTY asMOxy KaumMaT Jjanbuero BocToKa ABJIAJICA MYCCOHHBIM C 
KUM lpeoO/lafqaHHeM JIeTHHX OCaKOB. OHaKO NOHMKeHHe CpeHeroOBOu 
HepaTypbl BO3AyxXa MPH HH3KOM MOIOXKeHHH CHEFOBOH TpaHHIbl MOJKHO 
JIO BbI3bIBATb Y/VJIHHeEHHe XOJIOJHOrO Ce3s0Ha HW yBeJIMYeHHe KOJIMYECTBA 
WKOB, BbiImafaloulux B TBepyoM Bue. B ropHbIx paHOHax, PacmOJIOKeH- 
X BbIIMe HWKHeH TpaHulbl xMOHOCdepbl, OCAIKH JOJMKHbI Obl B TeYeHNe 
ro rosa BbINaLaTb B TBEPJOM BUe, YTO HU’ CO3faBaO OarOMpHATHbIe yCwO- 
F WIA pa3sBUTHA TOPHO-OMHHOrO OeneHeHHA. AKKYMYJIAIWMH CHEXKHBIX OCal- 
B CMOCOOCTBOBasl H OporpaduyecKku PakTOP, 4 HMCHHO PaCMOsMOMRKeHHEe KPYI- 
IX TOPHbIX CHCTEM 1OXKHOM uacru coBeTcKoro JlambHero Bocroka BKpecT Ha- 
aBJICHHs MYTeM Bula2KHbIX MYCCOHHBIX BO3AYIIHbIX TeYeHHH (MOUTH MePHAHO- 
JibHoe pacnosjoxKeHue xpeOToB CuxoTs-AMHA, cucTembl bypeHHCKHH, 
w-Anuub, JKyrapp, pudpexupi u JKyrmaxyp). Takum o6pa30M, OCHOB- 
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S3axasz 1840 


HbIM HCTOUHHKOM IIMTaHHA BePXHEYETBEPTHUHHIX JICAHHKOB ABJIAHC JeTH) 
MYCCOHBI, NPHHOCAMHe HaMOoulee 3HAYHTEMbHOe KOMYCCTBO OCAKOB, KOTOF) 
B CHJIY YKa3aHHblX OCOOCHHOC(| 

Ta6auna 2 BbilalaiH B TBeEPLOM Bue, 00 

JIOBMBAA 3HAYMTEIbHOe Pa3sBU'} 
JICMHHKOB (B OCOOeCHHOCTH Ha B 
TOUHDIX CKJIOHAX) HM Ooee HHI) 


Tlnomlaqv pa3sBuTHA CeqOB BepXHeveTBepTHYHOTO 
oueneHeHua B ropax JjampHero BoctoKa 


z | ok, pacnojoxeHve CHeroBol THE ||, 

GBar aise teat 8 st oes Ha CKJIOHAX BOCTOUHOM SKCTIO: 

ag wazeft passurus | ¢S aef, WH. BuaronpuATHOH AWA oOe,| 

a cneqos nepxue- | 56 | S228  HeHHA ABAANACb OOMbUWAA MOu) 

oa | 

wernept. omenen.| EF | 8.2.2 2XKUHTEbHAA PasHOCTh Ose AeHeH]} 
eg | Sees pocrurarouaa 1000 M u Gouee (Ah) 
Kamuatku ona yoctrurana 200C) 

Oypnan oe emer ae: ae a 4000 m). Uto kacaeTca reoMopcGe: 
wKaucKasl wenb | 56°10’—56°20’ Z | 
: aaAien ‘ e gloruyeckoro dakTopa, TO 
ee eee eecae oe > Soa BJIMAHHE OTUCTIMBO OTPasHJOCiy 
Ibxyrmkyp 55°35’/—57°00" | 1000 [14000 opMupoBaHHH Ha pacCMaTPUBaki 
Ipu6pexupiit 94°59’ —57°00" 1100 | >1000 Mo TeppHTOpHH BbIlIe Nepeyly: 
ee a eae ES a JICHHEIX THMOB [[PpeBHeseLHUKOB 
pears 55°05’ 54°38" | 850 9¢98  PeoMopdouormyeckUx maHyunay 
Tykypuurpa 53°54’—53°59’ | 170 o7 ~=TOB. i 
ie Spe Oue 800. 1093 B ra6a. 2 Ia OWe€HKH HHTER: 
aHcKHu 53°35’ —53°47’ 600 437 
TaikaHcKul u Hovoie— oe 1O4 900 2694 peerage eine IpHEe ay i 
Teneo BbIUHCJICHHbIE HAMM IVvIaHHMés, 
sIm-A nun 52°26’—53°38’ | 1000] 4845 POM MO KPyMHOMAaCIITaOHbIM 1h 
shee aie 660 874 morpaduyeckuM KapTaM MJIOIL# 
230m 2°20’—52°46’ | 800 1672 A 
Tycce-Ammmy — | 51°25’—52°20’ | 950 | 2565 ai ae e7edax KOTODBIG Haim 
Bypeuncknit 50°52’—51°25’| 550) 1729 A@eTCH PasBUTHe PCIMKTOR seas 
Bapkasbck uit 50°06’—51°03’ | 1000 5610  HeUYeTBePTHUHOTO OJICCHEHHA. if 
CuxoTs-AnuHb =| 48°51’—48°57’ | 570 228 TakuM oO6pa30M, B MaTepHK} 
KamuatKa 51°00’—61°00’ |704000) oKon0 pow yactH coBeTCKOrO Tlanbue i 
260000 ‘ 


Boctoka culeybl oneqeHeHuA pal 
BHTbl Ha TePpHTOPHu OKO. 
60 000 km’, a Ha n-o. KamuatKe — oxouio 260000 km?. Uto xacaetca Kypua 
CKHX OCTPOBOB, TO €FO YETBEPTHYHbIe OJIECHEHHA elle BeCbMa cia6o usyy4e 
M B KOJIMYCCTBEHHOM OTHOWeCHHH He OXapaKTepH30BaHbl. 
Bcecoro3ubili Hay THO -UCCIeDOBaTeIbCKMIi Ilocrynusto 

PeOMOrHuYeCKMU HHCTUTYT 95 II 1959 


UMTHPOBAHHAS JIMTEPATYPA 


Hanbu. Bocr., C6opx. 1, 70 (1949). "B.H.Caxe, Tp. A 

; : opel 9 , : KT. - : 
[napcesMopnytH, 201 aoe): 210. 2.4 emexkos, Bako pea "D, Mian, A 
CCCPr1955; empe2i2e lO. © Uemexkos, Mss. Beeconwsn. reorp. one 89, 3 (195; 


“10. ©. Yemexos, B ku. eon. crpoenue CCCP, 1, M., 1958, crp. 574. 
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AHTOJIOLH 


MW. A. AJIEKCHHA 


K XAPAKTEPHCTHKE SOJIOBOlO MATEPHAJIA BOCTOUHOFO 
NOBEPEXKbs CPEXHErO KACHIMA 


(ITpedcmaeaneno axademuxom JI. B. llep6axosum 14 I 1959) 


| Bauanne 9010B0ro cHOoca Ha OcaKOOOpasoBaHHe B KacnuiicKoM Mope ABUIAeT- 
OJHUM 3 MNTePeCHBIX M HepelieHHbIX BONpocoB. He u3yyeH ele B NOHOL 
»pe U MPHHOCHMbIi S0u10BbI Matepua. Mmeetca pan pador (*,?,*,5), conep2Ka- 
MIX NaHHBIe NO S0IOBOH aKKYyMYJALMH Ha CesepHom Kacnun. Jia Bocrouxoro 
pOeperkbsi Cpeguero u TOxunoro Kacnua 900BbIli MaTepHad COBepmeHHO He 
FyueH, XOTA CBeeHHA O ero CocTaBe MpesCTaBsAIOT OoubIOH MHTepec B CBA3H 
;AYCTEINHBIM KJIHMATOM STOTO noOepexba. Jia xapakTepHCTHKH BbIHOCHMOrO 
PSYIUHbIMA MaCCaMH B MOPe SOJOBOFO MaTepHasa Obl OPraHH30BaH COop ero 
| moOepexbe, a Tak2%Ke Ha KOpaOwle y BocTOUHOrO Gepera CpegHero Kacnua. 
psi S9TOH Wes Ha KOHe cyZoBoro durorepa, 
PpalleHHOrO K BeTpy, MpWkKpensamM napy 
benmerHprx CTeKOJI, CMa3aHHbIX TOHKMM CJIOeM 
KuuepuHa. Ilocne CHATHA Kayo Mapy cre- 
bn CKJlabIBasIH CMa3aHHbIMH MOBepXHOCTAMH 

"yr K Apyry M B TakKOM Buse NpocMaTpuBalu 
(ONMChIBAIM TO MuKpocKonoM. HaOusrofqenua 
poBoyHUch c 29 VII no 3 VIII 1954 r. Bceero 
WIO CHATO 4eTHIPe Napbl cTeKOJI. Cxema pait- 
ma cOopa Matepuasa JaHa Ha puc. |. 

Jia KomuuecTBeHHOrTO yueTa 30JIOBOrO Ma- 
jpHana Ha MpefMMeTHDIX CTeKaxX Obl MpoH3- 
‘eH moyicueT Bcex uacTui, B 10 nomax 3peHua 
\3aTeM CleuaH NepecueT Ha Mlowlafph B | cm? 
6m. 1). Ilpm nogcuere HaMH BBIJeJIAJIMCb 
iCTHUbI juamMerpom < 0,01 mm, oT 0,01 go 

05 mm n>0,05 mm. Jina uactun 0,01—0,05 MM pyc, 1. Cxema pationa c6opa 
>0,05 mM, Kpome Toro, onpefleAOCb s0n0Boro matepuana. J — IV co- 
DAHYECTBO NOJYOKAaTaHHbIX 3epeH. OkaTaHHbIx OTBETCTBYIOT HOMepaM CTeKON 
peH HH B OHOM U3 OOpa3sloB BCTpeueHo,[He 
0. TIOJCuHTHIBaOCh TakxKe KOMHYECTBO OPraHHyeCKHX UYaCTHIL. 
| Kak BHHO, Jake B THXYIO, IITHeBy1o Norosxy B BO3sLyxe CcofepxaNocb 
)BOIbHO SHAUHTEIbHOe KOMHYCCTBO MbWIM. COBeEPWeEHHO OYCBUAHBIM ABJAeTCA 
eoOsIayaHHe uacTHul, c WuameTpom < 0,01 MM, cpefM KOTOPHIX 3HaUMTeIbHYyIO 
WIIO COCTABJAIOT UACTHUbI MeHbie 0,001 mm. Bea ata Macca MevIKOrO MaTepHa- 
| cojlepKasa OOvIbIIOe KOMMYeCTBO NeMTOMOp@HOrO KapOoHaTa C XapakTep- 
IMU Jit STOFO MHHEePasa IBeTaMH NOMAPHSallHU MW MOKasaTeJeM MpeJIOMJIeHNA- 

Munepasbubli cocTaB asleBpHTOBOM dpakUMW XapakTepusyeTcA NpuMepHO 
e@YIOWlMM cOJepxKaHHeM: WOT eT. 

Crexao 1. Munepanbupl coctaB aJuleBputa JaHHOl mpoOnl Oorayue, vem 
OCTaIbHbIX mpo6ax. Mnrepecuo, uTo 3yecb mpeoOnagaioT (40,6%) sepHa coun. 
apOouaTH! cocrapustn 31,7%, catoza-mycKoBnT 16,2%, pyquble MUHepadpl (M+ 
HUT, MarHeTHT) 5,4% (B OCTaJIbHbIX MpoOaxX STH MMHepaJbl BCTPeyaJHCh 
Ib B CQMHMUHBIX 3epHax), KBapu 4% u OuoTruT 2—1%. B Bue equHUUHEIX 
DCH BCTPCYeHbI MOJIeBbIe WMAaTb!l, CTABPOJUT. 

Crexuao II. Kap6onartni coctapuau 58,6%, MyCKOBUT 35,0%, comb 6,4%, 
[MHHUHbIe 3epHa KBaplla, OMOTHTA, MHMOHHTa, nuputa (?). “nad 
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Crexao III. Kap6onate 49%, mycKoBuT 36,1% comp 8,1%, OxorT!| 
3,4%, KBapi, 3,4%. Kpome Toro, OblM BCTpe4YeHb! CMUHHYHbIe 3epHa MOMeBO!) | 
jumaTa, WJIbMeHHTA. | 

Crexao IV. Cwoga-myckosut 54,3%, KapOonaTol 32,8%, KBapy 8,49 
cob 3%, OnoTuT 1,5%. B KomM4ecTBe CMHHUHBIX 3ePpeH BCTPeyeHbI FHIIC, Ml 
JIeBOH WMaT HW rpanar. . 

Comb mpemcTaBsleHa OeCIBeTHBIMH H30TPONHbIMA 3ePpHaMH Pa3JIMYHOU Be 
qHHbI, HHOFa WpaBuJIbHOll KyOuyecKo opMbl, HO Yallle HempaBMJIbHOH Cc J 
BOJIbHO OCTPbIMH YrvlaMH, C MoKagaTeteM mpenomsmenua 1,519, uro cBufeTeNl 
CTBYeT O IIpHMecH KasHeBbIX CouleH. []macTHHKH CJIOAbI HMCIOT IPeCHMyLlecTBe: 
HO MlOslyoKaTaHHy!o (popMy, M YacTO BCTpeyaloTCcA 3epHa, Kak Obl MpOMUTaHHE 
MeHTOMOpHbIM KapOOHAaTHBIM MaTepHasioM. BctpeyaioTca TakKe IJlaCTHHE 
CJIIONbI C OTOXKCHHLIMHM Ha HAX M@JIKAMM KyOMKaMU cou. CKONIeHHA KYOUK( 
IIpHypO4eHbI K TpelllMHaM cMaHHOcTH. OueHb peAKO BCTPeualoTCA OMHOUHE 
3epHa KBaplla CO c1aObIMH CJleqaMH OKeJle3HeHHA. 

Opranuyeckue ocTaTKH mMpecTaBeHb! OOpPbIBKaMM HUTOYUCK H3BeCTK' 
BbIX BOJOpoCcMel, HaTOMOBbIMH, CMOpaMM HM MesbualieH MMKpodayHoH. 

Ha G6epery mpo6pl mbitud coOupamucbh B OOubUIMe OIOKCHI C IIMIepHHOM 
YeTbIPeX MyHKTax Ha oO. Kapa-Aja, Ha MeTeonsoulayKe B Oyxte Bekraull, Ha MbI 
CbIHTbIpJIM, Ha 10XXHOM CTBOPHOM 3HaKe, H B OyxTe Bekospuya, Ha TeppHTOpr 
Maska. B 6yxte Bextam u o. Kapa-Ayga oOpa3ip coOpaHbl 3a Ba MepHo) 
(Tab. 2), ORHH M3 KOTOPHIX OTPaxkaeT JIETHHE MECALbI, Apyrod — Havas 
oceHHero mepHosa. 

Tlockombky Han6oulee NOJHbIM MaTepHal coOpaH Obl B OyxTte bBexta 
Hu Ha oO. Kapa-Aya (06a nyHKTa pacnomoxKeHbI pAOM) H Wid Bexrawia umeerc 
XapaKTepHcTHKa BeTPOBOrO PexKHMAa, MbI MOMbITaIMCbh YBA3ATb MOJIYYCHHE 
HaMH JaHHble MO KOMMYeCTBEHHOH XapakTepHcTuKe JOOBOTO MaTepHasa 
BeETPOBbIM Pe@2XKHMOM HM CpaBHHTb JlaHHble 1954 r. co cpeqHHMH MHOPOJIeTHUN 
JAHHBIMH. 

CkopocTb GeperoBbix BeTPOB YBeJIM4MIaCb B CeEHTAOPe H OKTAOPe, UTO OTP 
3HJIOCb Ha YBeIMYeHHM HaHoca Kak B OyxTe Bexvalll, Tak uM Ha O. Kapa-Aj 
(ta61. 3). CpemHee komMuecTBO HaHOca Ha | M?, BbImaBlero B Bextaiue u FE 
o. Kapa-Aga 3a Bpema cOopa, coctrapaset 8,11 r/m?. Dro KomuuecTBO Obl 
MPHHeceHO BeTPaMH, CYMMa CKOPOCTeH KOTOPEIX cocTaBHa 933 M/ceK.B3aB cpe; 
HIOIO CyMMy CKOpocTel 3a 10 eT, a HMeHHO 4310,1 M/cex, onpewennem roxoBc 


MpHHOC 3O0I0BOrO MaTepHawa: 
= = Ooo Ty Ms 

Ecum xKe paccuuTaTb rosoBoH mpuHoc 6e3 yueTa BeTpa, a NO cpeqHUM ¥ 
5 clyyaes (nocKoubkKy 6-f ‘myHKT —6yxTa Bexopuua — pacnosoxex B IOxKHO 
Kacnav W MbI efo He YUMTHIBAeM), TO KOMM¥eCTBO OcaqKoB cocTaBHuT 31,1 r/M’ 
[lo-BHquMoMy, XOTH MOpAROK Wupp OME HU TOT 2Ke, Halo MPHHAT nepByto Wudp 
KaK O601e@ BePHY!O. som 

Mamie KoMUeCTBa COOpaHHOrO MaTepHadla He NO3BOIMIM ClelaTb MexaHH 
YeCKOrO H XHMHMYeCCKOFO aHaJIM30B, MH HaM MIPHWWIOCb OrpaHH4HTbLCA CNeKTpaE 
HbIM H PCHTTeEHOMeTPHYeCKHM aHalu3aMH. OcHoBy 901I0BOro MaTepHasia Ha 6€ 
pery, Tak 2Ke Kak M COOPaHHOroO B MOpe, COcTaBHIM YacTuLE! <0,01 mm (puc. 2) 
HO JIA ITHX MpOO XapaKTePHO HaJIMUve OTAEbHBIX KPYMHBIX 3epeH d = 0,2 mm — 
TaKHX, KaKMX B 1poOax Haj MOPeM He BCTPeyaOCcb, HW 3Ha4UHTeMbHOe KONMYUeCTB 
opranuku. B MMHepasbHOM CocTaBe a/leBpUTOBOH (ppakUMH Mpeobaqanu Kap 
OOHAaTHI, COMep2KaHve KOTOPHIX KOMeOMeTCA OT 66 Zo 73%, cm10 ABI 6%, opraHuye 
CKUX YacTH, 21—28%; KpoMe Toro, B eMHHYHbIX 3epHaX MPHcCyTCTBYIOT Kpyn 
HbI€ 3epHa KBapla H MoveBoro wmata d = 0,2 MM, MeKMe nomyoKaTaHHbl 
3epHa IMPKOHAa, 9NMAOTa, PoroBol OOMAHKH, JIMMOHUTAa, pyTHsa, TaOUTYATEN 
3epHa Coun. Cmoya mpeAcTaBuleHa TOHKUMH MvlaCTHHKaMM C HepOBHEIMH KpaaMl 
Oypo-3emeHoro uBeTa. Cpefu cuIOA BCTpeyeHa *KeNesucTaA CONKa, OMOTHT, Myc 
KOBHT. Cpequ OpraHuuecKHXx OCTATKOB BCTPeYeHO 3HAYHTeIbHOe KOMMUeCTBO 06 
PHIBKOB BOAOPOCel, OTAebHbIe MHATOMOBBIe, CHOpbl H Ap. CnekTpasbubiii ana 
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K cmamoe H, A, Anexcunoti, cmp. 427 


Puce, 2, Sonos MaTepuan u3 OyxTsI Baxtalll. a — 6e3 aHamu3aTopa, 6 — HUKOIH 
CKPelleHbI 


K cmamvoe O. B. UlymKunoti cmp. 477 


Puc. 1. 3apoypi oBubI, BO3spacT Puc. 2. 3apomp KoOpoBbl, Bo3- 
19 cyt. | uac. CarntTasb Hert pact — 23 cyTkn. Carutrasb Hpi 
paspes uepe3s CcepeqMHy THraHT- paspe3 uepes cepeqHHy ruraut- 
cKoro KomMmMuaeKca. J — mepero- ckoro KoMMaeKkca. O6o3Ha4eHuA 
POwKH MexKAy KaMepamMM THraHT- Te Ke, urTo Ha puc. 1. CHaATO 
cKoro kKomMMseKca, 2 — rlomepy- pu yBem. 56x 


JAP Hble WIaCTHHKH, 3 — KaHaJIb- 
ubl, 4 — Masojuppepexuuposan- 
HbIM =3aqHult OTe THraHTcKoro 


KoMIIeKca. CHATO MPH yBell. 
56 X 
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Ta6auna 1 


JIMYECTBO YaCTHL NbWIM, OCeBlUeH Ha 1 CM” NaCTHHKH B MpHOpexHOH yacTH BOCTOUHOrTO 
noGepexpa Cpennero Kacnua 3a cyTKH 


Crekao | — 


MyTb oT OyxTH 
Bexram TO M. Crexsio II Crexao II] — | Crexno IV — 
ecuaHoro H — sad. yuacToK OT 
Kasaxckuik 
CTOAHKA Y M.! A nexcaHApoB- mM. Afam-Taw 
Tlecuanoro B 3a J1HB 
B TeyeHHe ait Ho M. Cys 


{anpaBaenue BeTpa _— SO, Ost, SO} SO, S, SW | NO, SW, W 
| NW, NO 
ula BeTpa B Oasmnax a 1—2 0—3 0—3 
POOMKUTeEIbHOCTh CTOAHHA B UAC. 24 eels (ME BO) 27.500 
Bcero uacTuu Ha 41 cM? 3a cyTKH 84530 332592 65339 140337 
0.01 nee 327094 60725 132424 
| ee 92,02 98,35 92,93 94,36 
6420 5431 4471 7380 
factun 0,01—0,05 mm 7,59 7,63 6.84 526 
B 4875 1976 1871 2639 
‘ToM Hucse ToTyOKaTaHHEx 59,3 36,4 21,8 35,6 
148 17 5 
lactam >0,05 um 0,17 = 0,04 0,04 
48 
B ToM uHce NowyoKaTaHHbIx 32,4 — —_ -- 
' “ ao Ph, uct po 
acTHl OpraHHyeckoh Nb 0,3 0,02 0,19 0,37 


| IIpumeuanwe. Haz ueptoii— a6comorupie uncna, nox yepTo—B mpouextax. 


Tao6auna 2 


KowuuectBeHHad XapaKTepHCTHKa SOJIOBOrO MaTephasla 
Sa 


Bec 
NoNe Buicota eee Tlatpt yeranosKu | Uncso 
mn. Mecto c6opa rey ee M CHATHA gach. ocaare P/M? cores 
4 o. Kapa-Ana 2 24 29 VI— 26 VIII} 59 |0,0114} 4,08 |0,0083 
2 | 6. Bextam (me- 
TeOCcTaHLHA) 2 6 380 VI— 26 VIII} 58 |0,0088) 3,12 |0,0538 
3 M. CbIHTBIpJIH 2 12 VIII—5 X 55 10,0097) 3,43 |0,0635 
4 6. Bextat 2 6 26VII—14X]| 50 |0,0112) 3,96 |0,0800 
5 o. Kapa-Anya 2 24 26 VIII —11 X] 47 |0,04142) 5,02 10,1068 
6 | 6. Bexosuy (me- 
TeOCTaHILHA) 2 4 22V—9 VIII 78 |0,0278|10,82 |0,1387 
Ta6auna 3 
3a 1954 r. B cpegzHem 3a 10 eT 
cyMMa CKopo-| cyMMa cKopo-| cyMMa cKOopo- | cyMMa cKOpo- 
Tlepuox creli BeTpoB | cTefi octamb- | cTef BeTpoB, | cTel ocTamb- 
CB, B, JOB HbIX BeTPOB, CB, B, tOB HbIX BeTPOB, 
M/ceK M/ceK M/ceK M/ceK 
Vitob 97,0 461,0 170,0 319,0 
Apsryct 209,0 al AO) PANS fh 314,8 
CeHTa6pb 425,0 174,0 305,0 est) sl 
OxtTs6pb 302,0 364,0 3949 254,9 
Vroro 3a 4 mec... 933,0 1176,0 | 1118,2 | 1175,9 
Uroro 3a ron....| 4849,0 2934 ,0 4310, 4 3490,8 
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M3 Cpesuel npoObl NoKasas Cosep2xKaHue CJeLyIOULMX SCMeHTOB: B 3HadHTeJIb- 
HBIX KomuuecTBax Si, Al, Fe, Ca 5%, Mg 1%. Kpome Toro, Obi OOHAPy2KeHbI 
B KouluuectBax Jo 1% Nau Mn, or 0,01—0,1% Cu, Sr u Fi, <0,01 MV, Zt 4 Ce 
Tlepecuer Ca u Mg na KapOouaT Jaa cogepxanne CaCOs 12,5% u MgCOs 3,5%, 
YTO COCTaBHJIO KapO6onaTHocTb ocayKa 16%. PeHTreHOBCKHM aHaslM3 NOKa3awl, 


a 


4qTO KapOoHarTbl B mpo6e TIpeCTaBJICHbI KaJIbUMTOM U JIOJIOMHTOM, a TaKxXKE, ITO | 


B poe 3HauHTesbHO cofepxaHHe SiOz; 9TO, KaK MbI BHJMM, COOTBETCTBYeT Pe- 
3YJIbTaTaM CI€KTPaJIbHOTO aHaH3a. 

TakuM o6pa30M, yalOcb ycCTaHOBHTb, 4TO NPMHOCHMbI MaTepHaJ mpe- 
AMYULCCTBEHHO COCTOHT M3 MeJHTa U COJePKUT JMMb B HEOOJIbIIMX KOJIMYCCTBAX 
MesIKOaJICBPHTOBbI MaTepHadl, a KPYNHbIM asleBPUT COCTABJACT MMIWb LOM Mpo- 
neuta. [lecuauble 3epHa Obi BCTPeYeHbI JIMIIb B OeperoBblx mpoOax B eEAMHHYHbIX 
gepHax. 

STM laHHbIe O Me€XA@HHYeCKOM COCTaBe XOPOIIO YBASbIBAIOTCA C JaHHbIMH, 
mpuBpeqenupmu C. B. Bpyesuyem u M. II. PyaKospr (7), Wockoubky B OOpasljax 
TIbWIH, COOpaHHEIx B 1950 r. B paiione AcTtpaxaHu, pe3ko mpeoOlaqau NeHTO- 
BbIe YacTHUbI. Ho 2010BbIii OcaOK, COOpaHHbI HaMU, He TOJIbKO COOTBETCTBYeT 
MexaHHuecKkomy coctaBy nmpodpi 1950 r. u3 paliona AcTpaxaHu, HO M KapOouarT- 
HOCTb OCaJKOB TakxKe COBMaaeT, YTO MOXKHO BUJeTh U3 CpaBHeHHA Wudp: 


1954 r., Boct. no6epexbe 


1950 r., AcTpaxaHb Cpegu. Kacnua 
CaCO3 12,3 Ws) 
MgCOs 1,86 3,5 

Bceronee aaa 16,0 


Tlockombky aBTop yKa3bIBaeT Ha TO, 4TO COOpaHHasn B AcTpaxaHu Mbllb Oblwia 
MIpHHeceHa 1OrO-BOCTOUHBIMH BeTpaMH HM MCTOUHHK ee, NO-BHJMMOMY, HaxOUTca 
K BocToKy OT Kacmulickoro MOPA, MOXKHO JyYMaTb, 4YTO MaTepHasl, COOpaHHbIt B 
1950 r. u Hamu B 19541r., mpHHeceH M3 NyCTHIHHbIX OOJIacTeH, JlexKalllHX Ha BOCTOK 
oT Kacnuiickoro Mopa. MutepecHo Take OTMETHTb, 4TO B 1poOax, COOpaHHbIx 
Ha CTeKJIO, M@AKMH aleBPUT, MpeACTaBJeHHbIM MPeHMYULeCTBeEHHO YIJIOBaTbIMH 
3epHamMu, cosepxKamt oT 35,6 go 41,8% nomyokaTaHHbIxX 3epeH. OkaTaHHbIe 
3epHa He ObINM BCTpeyeHbI cosBceM. MuHepaJibHbI cocTaB aJ/leBpHTOBOH 
WacTH MOKa3aJl, YTO TaBHbIMH eFfO COCTABJAIONIMMH ABJIAIOTCA KapOOHuaTHl 
M CuOAbI. OcTa/ibHble MHHepadbl KaK H3 JerKOH, TaK MW M3 TAKeON cpakunu 
BCTpeualoTCA B He€3HAUHTEJIBHEIX KONMYeCTBax. BcrTpeyaiorca JIMIb eMHH4- 
Hble 3e€PpHa OxKeJe3HeEHHOTO KBaplla, OOJbUIMHCTBO Ke 3epeH CeOB OmKee3- 
HeHHA He HMeeT. OOorailleHHve COJIbIO OOpaslloB, COOpaHHbIX B OeperoBoli 30He, 
CBA3aHO, BHIMMO, C MPHHOCOM MOCJeHHX U3 ONM3exKaUlLuX TAaKbIpOB. 

B pe3ysIbTaTe OnpejsevIeHHA CPpeMHeH BeJIMUMHbI 30JIOBOTO OCalKa Kak 39,5 r/m? 
B FO], MOXKHO C OOUIbILeEH JOCTOBEPHOCTbIO FOBOPHTb O eFO POH B Mporecce coppe- 
MeHHOrO OCaKOOOpas0BaHHA Ha NOJBOAHOM CKJIOHe BOCTOUHOTO mobepexba 
Cpeguero Kacnua. Ilo qannem Bb. A. Anomnopa, 9070BbIH OcaqoK B CeBep- 
Hom Kacnwu cocTaBiaeT 555 r/M? B rox, uTo B 13,8 pa3a Bble, 4em Ha 
BOCTOUHOM CKJOHe Cpeguero Kacnua. Ilo-Bugumomy, B IOxuom Kacnun 30,10- 
BbIif CHOC HeMHOTO Bbllle, YeM B Cpef{HeM, HO (Id 9TOTO yTBepxJeHHA MBI pac- 
mowaraeM BCero JIMUIb OMHOH NpoOol, coOpaHHok B 6GyxtTe Bexosuy. Ecau xe 
IIPHHATb. HMerOUHecH JaHHbIe 3a CpeHHe, TO KOJIMYeCTBO 30M0BOTO HaHOCa 
B IOxxnom Kacnuu cocrasnt 50,6 r/M?, wim Bcero suuIb B 11 pa3 MeHbUIe, 4em 
B CesepHom Kacnnu, HO Oombute B 1,3 pa3a, uem B CpeynHeo.' 


Vucruty? oKkeaHouoruu Ilocrynuso 
Akajemuu Hayk CCCP 13 II 1959 


UMTUPOBAHHAA JIMTEPATYPA 


*B. A. Anoaaos,’ Usp. Uenrp. ruzpomer. 6topo, s. 7 (1927). 2C. B. B - 
Buu, M. Il. [Ty aKkos, Usp. AH CCCP, cep. reorpaduy., Ne 4 (1954). 3? M. A. Pee 
30BcKasa, Tp. Uucr. reorpadun, 49, 2 (1952). *M. ©. Posen, Uss. Menrp. rugpo- 
met. O1opo, B. 7 (1929). 5M. B. ®exocos, JAH, 75, Ne 6 (1950). 
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Worsans Akagqemun nayx CCCP 
1959. Tom 127, Ni 2 


TPEOXHMH A 


H. J. CHHJEEBA u A. A. FOJOBHKOB 


OB H30MOP®H3ME MEXKILY CEPOM UW TEJIJIYPOM 
B TAJIEHHTE 


(ITpedcmae.neno axademurom H. B. Benooeem 26 I 1959) 


Cepa, celeH HM Telyp pacnojoxKeHbI B WecToH rpynne mepHoxMueckoli 
CTEMBI SJIEMEHTOB, ABJIAACh XMMHYECKMMH aHasloraMu. B npuposHbIX yCOBHAX 
M CBA3aHbI C OLMHOTHMHbIMM TMMOFeHHbIMH MpolleccaMW MW BCTpeyaloTcA B OL- 
'X H TeX 2Ke MecTOpoxeHuAX. B paOorax no reoxumuny (',”,*) 9TH TPH DIeMeHTA 
MeILeHbI B OHH M80MOpHEIM pad. OfHako ecH H30MOpcu3M Cepbl H cesleHa 

BBISbIBAe€T COMHEHHA, TO B OTHOLMECHHH H3OMOpH3Ma Cepbl H Teypa ACHOCTH 
ih 

BO3MOXHOCTh H30MOPPHBIX 3aMeIIeHHii OJHHX SJIEMeHTOB ApPyruMu, Kak 
BeCTHO, B 3HAYHTebHOM CTeneHH OOYyCOBIMBaeTCH BeJIMUHHOM MOHHBIX, 
as WIM KOBaJICHTHBIX payHycos. 
| Cy1bH AI B SHAYHTEIbHOM CTeNeHH ABJIAIOTCA COCAMHEHHAMH KOBA@JICHTHBIMH. 
ne B OOJIbIWeH CTENCHH KOBaJICHTHBIM THOM CBAZEH OONaaloT CesIeCHHAbI UM Ted- 
pun. KopaslenTupie pagquycpi y ceppi (1,04 A) u cenena (1,14 A) noBombxo 
M3KH; y Teslypa payuyc 3HauuTenbHo Oompute (1,32 A). 

Asropamu Oblla NOcTaBeHa 3ajlada SKCNEPHMeHTaAIbHO MPOBePATb BO3SMOK=- 
CTb HW MpeeJbI HBOMOPPHHIX 3aMelleHHH MexkLy cepol uv Tenypom. Jl1a mpo- 
eHHA SKCHePHMeHTaIbHOH paOoTH! OblwIM BHIOpaHb! PbS (rameuut) u PbTe 
hens KaK COCJIMH€HHA, OTHOCAMIMeCA K OJHOMY CTpYKTypHOMy Tuy 
aCl) u oOnayjarouMe OHM THOM XHMMYeCKON CBASH M MpcyTCTBMeM OAHOTO 
TOPO Xe KOMMOHEHTAa, CNOCOGHOTO O6pasOBLIBAaTb C APYTHMH 9yleMeHTaMH-aHa- 
rau M30CTPYKTYPHble COeAHHEHHA. 

_Tlomyuenue ucKyccTBeHHbIX COeMHEHUM OCYLIeCTBIAOCh IyTeM MMpocHH- 
3a W3 9JIEMeCHTOB, B3ATBIX B CTCXHOMETPHUCCKHX KOJIMGECTBAX. 


Ta6auna 1 


Tlapamerpnl pewietoK M MuKpoTBepfocTb coequHeHui B pany PbS — PbTe 


IlapamerTppl pee Grok ts, 


| : K Mukporsep- 
| Coctaps * WOCTb rasieHu- 
rasleHuT auITauT ra ***, KD/mM? 
PbTe 6,46 67 
80% PbS + 20% PbTe 5,97 6,40 419 
80% PbS + 20% PbTe (c 3aKxanKoi) 5,97 — —_ 
90% PbS + 10% PbTe Ono 6, 40 96 
95% PbS + 5% PbTe 5,95 6,44 93 
98% PbS + 2% PbTe 5,94 Ine ompen.**** 86 
77% PbS 5,94 80,4 


* CocTaB CMeCH aH B aTOMHBIX MIpOleHTax. 
** TlapaMeTpbl OlipeyeseHbl B sgl MEE, na6opatopnu MMIPS 
H. T. Tlunesuy. Tounocth onpegenenult = -+0,01 xX. 
*** LisMepuTb MUKPOTBepOCTb aJITavTa B CMe€CHX H3-3a MaJIbIX Pa3MePOB BBI- 
JleeHHH He yfaJlocb. 
*e** 113-39 HeJOCTATOUHOCTH JIMHHM. 
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Cuauasa Obl CHHTe3HpOBaHbl KOHEUHbIe NpPOLyKTbI —TasieHHT UM ajTauT, 
3aTeM — OOpa3ilbl CMelaHHOrO cocTaBa (Ta6. 1). CuHTes MpOU3BOAMJICA B 9B 
KYHPOBaHHbIX KBaplleBbIX aMMy lax (paspexkeHue cocTaB/IAIO 2—3- 10 ?mMpr. CT. 
IIpH HarpeBaHHH HeCKOJIbKO BbIlle TeMMepaTypbl MWaBseHuA cosy aa 
coequHeHnit (go 11C0—1200°). OOpasun! oxaxKaIMCb HeNOCpeACTBeHHO B Hedy 
nocje ee BbiksOUeHHA. B cayuae HeOOxo- 
JIMMOCTH TPOM3BOLUIacb 3aKasKa OOpasilOEk 
ObICTpbIM NOrpyxXeHveM aMMYJIbI B BOY 

Ilpu ontTuueckoM MW peHTreHOCTpyKTYP: 
HOM H3y4eHHH OOpaslloB CMellaHHOrO CO 
cTaBa ObluliO yCTaHOBJIeHO HaJIMuHe JBYy4 
KyOuyecKkHx (ba3 — rayeHHTa M aJITauTa 
KoumuecTBo TlocJleqHero 3aMeTHO yBeJIH: 
YHBaJIOCb MO Mepe yBeJIMYeHHA coep Ka: 
HUA Tesypa. B cMecu. IIpn coxepxKaHuay 
ero 0,25; 2u5 aT.% anTauT BbIenAICA 
Bue HeOOJbIUHX CKONJICEHHH UH OTIeJIb 
HbIX 3epeH BraseHuTe (puc. 1). C yse 
JIMYeHHeEM KOUHUeCTBa Te BOSHHKJIH CBOE: 
oOpa3Hble WouOcbl, OOoralleHHble aJiTaw 
Puc. 1. Paneuut (cretao-cepoe) ¢ Bkmo- TOM, B KOTOPbIX MocweqHul TecHO cpa 
YeHHAMH aslTauTa (6eo0e) MpH cofepxKa- CTAeCTCA C raJIeHHTOM, o6pa3ya CTPyKTypy 
nun PbTe B cucreme 2%. 200 X, Bes yanomuHaBIlylo 9BTeKTHKY (pHc. 2). O6pa 

cat ase 3el, coctaBa 80 mow. % PbS+20 mon. % 

PbTe uccnefqoBasicA TakxKe mocue 3aKaJl 

KH. B 9TOM culyyae aulTaHT COHapyxHBaeTCA B BHJe TOHKHX Kae€MOK BOKPYI 
3epeH TaJleHHTa HeMpaBHJIbHbIX OYepTaHu (pHc. 3). 

OnpeyesieHve NapaMeTpoB pellleTOK nNoOKa3aJl0, YTO HaHOosIbUIee H3MeCHEHHE 
flapaMeTPOB raJieHHTa HaOJlOAaeTCA pu BBeEMeHHH B OOpaser 20 u 10 mon. %& 
atanta. IIpu 3TOM MaKCH- 
MaJIbHO H3MeHAJICA WH MapaMeTp 
pelleTkKH aJiTaHTa 3a cCueT 
BXOMJICHHA B Hero Cepbl. 

KouMuecTBO TeJJIypa, H30- 
MOP@HO BOllesuero B pellleTKY 
TavleHHTa, OblwIO BbIUMCIEHO M10 
3aKoHy Berapya. OHO oka3a- 
JIOCb PaBHbIM 2,8 Bec. %. B 06- 
pasuax e¢ 10 wu 20 mon. % an- 
TavTa apaMeTpbI pewuleToK 
OKa3aJIHCb OJHHAKOBbIMH, 4TO 
CBHJeETEIbCTBYeT O NpHOHKe- 
HHH TBeporo pacTBOpa K Bepx- 
HeH TpaHHlle cosepKaHuaA Ted- 
Jtypa*. Heo6xoxqHuMo OTMeTHTb, 
4TO JIA BXOMKJCHHA YKa3zaH- 


Puc. 2. Bpeiqenenua antauta (6emoe) cpequ raweHuT. 
HBIX 2,8% noTpeOoBasHCb BbI-  (cepoe). IIpu comepxannu PbTe w cucteme 20%. 200 X 


COKHe KOHIEHTPallHu Teypa, Bes ananusatopa 

IpaKTHuecKH He€H3BeECTHBIE B 

mpHpoge. Ilpu nonwxKeHHH KOHUeCHTpaluu asTauTa fo 5% KonHueCTB 
Tejlypa, BOlelNero B pellleTKY TaJIeHHTa, 3aMe€THO COKpaTHJIOCb, O 4eM CBE 
T€TCIbCTBY€T 3HAYHTEIbHO MeHbINee H3MeHeHHe NapaMeTpa; pH cofepxKaHU 


* [lax o6pasuos coctasa 90% PbS + 10% PbTe u 80% PbS + 20% PbTe napamerppt 65 
JIM OMpefeeHbl AONOMHHTebHO Ha KaMepe PKY-114 B pentrenocrpyKTypHol sa6opaTopH 
BUMC I. A. Cugopexko. B o60ux cayyaax onn paBHpt 5,958 + 0,005 kX. Sto NOATBeEp2xK ae! 
4TO B yKa3aHHbIX OOpasilax CoseprKanue Te B ravieHuTe O1M3KO K NpesebHoMy. Baruncaenne mat 
CHMaJIbHOrO CofepxaHHA Te B STOM Culyyae AaeT 3,5 aT.%, uu 1,8 Bec.%, T.e. eme HMDKe, 4e 
mpupexenupre 2,8 sBec.%. 


432 


HavITavTa B 2 u 0,25% usMeHeHHe MapaMeTpoB He oTMeyaulocb. Bce 9TO cBuse- 
€IbCTBYeT 06 OrpaHHYeHHOCTH H3OMOpdusMa Cepbl H TesJIypa H O HeOOXOLUMOCTH 
IIH eFO MpOABJeHHA SHAYHTeIbHbIXY H3ObITOUHLIX KOHIWeHTpaluH Te. 

| Wsyuenve Muxpotsepyoctu Ha mpH6ope IIMT-3}noxa3pipaeT mocTeneHHblit 
| POCT ee B COOTBETCTBHH C yBeJIHYeHHeM COsepxKaHHA B OOpasziie PbTe, uTo cBu- 
ieTebcTByeT 06 OOpasoBaHHH TBeEpJoro pacTBopa. 


Puc. 3. KaemKu antavTa (cBeTmoe) BOKpyr sepeH rase- 
HuTa (cepoe) mp cogepxxaHHn PbTe B cucTeme 20% (mocae 
3aKaku). 200 X. Bes aHamusaTopa 


JIA BbIACHeCHHA BO3MOKHOCTH OOPasOBaHHA aJITaHTa BMeCTO FraJieHHTa jmpH 
OUCH BbICOKOM COfepxKaHHH B raleHUTe Te/ypa’ Obl NpOusBeLeH CHHTeS Frase- 
HATA B MIpPHCyTCTBHH Oo/bWIOrO H36bITKAa Teypa. B pesyibTaTe BOSHHKJIa CMECb, 
COCTOAMLaA B OCHOBHOM H3 raJieHHTa H TeJlypa, (puc. 4) c xapakTepHOH CTpyK- 
TypoH. Ilapametp rajeHuTa mp 3TOM He MpeTepmem HuKaKHX H3MeHeHHH. 
O6pa3opaHHe He3HauYHTebHOrO HeyJIOBUMOrO (a30BbIM aHaJIH30M KOJIMYeCTBAa 
| aJITaHTa B CMCC BO3MOXKHO CBAZAHO C HeEOOJIbIIOH MoTepel Cepbi IPH OTMAMBaHUH 
—aMMyJIbl. 

Jia onpefeeHHa BJIMAHHA CeleHa Ha BXOxKJeHve Telypa B peLlleTKy 
‘TauleHuTa, Ha KoTOpoe Obwio yKasaHo B. B. Ilep6unof (8), Oni cHHTesHpo- 


Ta6 anna 2 


Pe3ybTaTbl H3yYeHHA OOpaslloB, COepKallux cemeH HM TeJJyp 


Muxkpo- 
Ne PentrenoctpykTyPp- | ppep- 
o6p. Coctas OntTuuyeckoro aaah gee pokes 
30 PbS OnHa taza (ops 5) (0A 80,4 
40 89% PbS + 11% PbSe To xe =o 96 85,2 
18 50% PbS + 50% PbSe ee a= 6705 Si, 2. 
33 | 88% PbS + 10% PbSe + 2% PbTe Tipe daspi Apps = 9,96 96,2. 
appte —= He OIp. 
25 85% PbS + 5% PbSe + 10% PbTe To *e apps = 9,96 90, 2. 
Appte = 8,4 
26 80% PbS + 10% PbSe + 10% PbTe ls Apps == 9,98 94,4 
Apyte = 6,8 
27 70% PbS + 20% PbSe + 10% PbTe oS apps = 6,00 98 ,6 
Appte = 9,4 


17 PbSe OjHa casa Ge Onis OM 


* Tlapamerpsi onpezenenti H. [. [Innesuy. Tounocrb axamusa = +0,01 KX. 
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Tao6Oauna 3 


Conoctapnenue MapaMeTpOB peuieTOK, MOJIYGeHHbIX 3KCHeEPpHMeHTaJIbHO 
M BbIYMCJICHHbIX 


Iapametpp pemerTon, KX 


BHIYHCI. BBIUHCI. 
mpu mpeg-| mpu mpex- 
se) CocTas nowy4. nosiomK. 0 | MOm0x. o 
akcnepum, | BXO%KA. B| BxO*wKT. 
pemerky | Bcero Se 


TOMbKO Se u Te 
40 89% PbS + 11% PbSe 5,96 5,96 — 
18 50% PbS + 50% PbSe 6,05 6,04 — 
Bo 88% PbS + 10% PbSe + 2% PbTe 5,96 5,96 Oy 
25 85% PbS + 5% PbSe + 10% PbTe 5,96 5,95 6,00 
26 80% PbS + 10% PbSe + 10% PbTe 5,98 5,96 6,04 
Pall 70% PbS + 20% PbSe + 10% PbTe 6,00 5,98 6,03 
4i7f PbSe 6,413 — — 


BaHbl UHCTbIM KayCTasuT, CMeCb raJIeHHTa MW KlaycTaJIuTa HM CMeCH, COJepxKa- 
ive ceyleH H TeJYp OHOBpeMeHHO (Ta6. 2). 

VUpanu (°) 6pl10 ycTaHOBJIeHO CyUeCTBOBaHHe HeMpepbIBHOTO PAa TBeEPJbIxX 
PacTBOPOB OT raJieHHTa WO KaycTaluTa. PesybTaTbl HaCTOAMMX UCCIeLOBa- 
HHH NOATBepAHIH CyYylleCcTBOBaHHe Takoro 
pajla. CuHTe3MpOBaHHble HaMH TBepyble pac- 
TBOPbI, COepKallive OJHOBPeMeHHO ceJeH 
u cepy (o6pasupnr NeNe 40 u 18), oKka3amucb 
COCTOALLUMM H3 OHO cba3pl. Ilapametppr ux 
pelleTKH 3AKOHOMePHO H3MeHSAIOTCA, MOqYuH- 
HaAACb 3aKoHY Berapsa. 

IlapamerTpbI pelieTOK, BbIUMCJIeHHbIe WIA 
CHHT€3HPOBaHHbIX OOPa3llOB HUCXOLA U3 mpel- 
TOJIOREHUA O BXOMRKMCHHH Bcero ceeHa B CO- 
CTaB TaJIeHHTa, He3HAYHTeENbHO OTJIHUAIOTCA 
OT TapaMeTPOB, MOJYYeHHbIX JIA 3THX O6- 
pa3slloB SKCHepHMeHTabHO. B To x*xe BpemMa 
lapaMeTpbl, BbIYHCJICEHHbIe MPH onywenuu 
BXOKICHHA B TBEPAbIM PpacTBOP OJHOBPeMeH- 
HO cejleHa HW BCero TeJIypa, OKa3bIBaloTCA 
Puc. 4. Baiqerenua smemMenTapHoro 3€M€THO BbBIIle NOJYYeCHHbIX 9KCMepHMeH- 
Telypa (Gemoe) cpequ raneHuTa. TayBbHoO (Ta6a1. 3). 

POISE BOE EE FO TouyyeHHoe pacueTom (ucxoqa M3 mapa- 

MeTPOB) COJepxaHHne Teypa B H30MOph- 

HOH CMeCH He MmpeBbuaeT 2 Bec.%, T. €. HWKE MOMyYaemoro, Kora B Cco- 

CTaBe HeT CeJleHa, YTO TOBOPUT 00 OTCYTCTBHH KaKOH Obl TO HH ObIO MOCcper- 
HMYECKOM POM CeleHa NP BXOAJeHMA TeNypa B pelleTKy raleHuTa. 


MuctuTyT muHepasoruu, reoxHmMun Tlocrynuio 
MW KpPHCTaMOXHMHMU PeKUX 3eEMeHTOB 14 XI 1958 


HWUTHPOBAHHAA JIMTEPATY A 


*B. HW. Bepuagncku dh, Vs6pannpe counnenna, 1, 1954. 2A. A. Cayxos, 
Teoxumus, 1951. * B. B. Wlep6uua, Was. AH CCCP, Ne 5 (1937), 4A. E. Depe- 
MaH, V30panupie counnenns, 3, 1955. 51. W. Earley, Am. miner., 35, Ne5-6 (1950). 


Hoxsage Akagzemun nwayr CCCP 
1959. Tom 127, Ns 2 


_OKEAHOJIOTHA 


M. B. KJIEHOBA 


BSBEWIEHHbIE BELWIECTBA CEBEPHOM YACTH ATJIAHTH4YECKOLO 
OKEAHA (ME)K]Y WOTJIAHAHEM W UCJIAHAMEN) 


(ITpedcmasaeno axademuxom B. B. Hlyaetixunsim 4 II 1959) 


UiccieqoBaHus MOPCKOM B3BeCH MO3BOJIAIOT HOXMeETHTb XapaKkTepHble oco- 
|FHHOCTH ee pacnipeyevieHHA HW COCTaBa B CBASH C PU3UKO-reorpaduyecKUMH YCJIO- 
Jaamu. CocTaB MOPCKOli B3BeCH MOXKET CAYXKUTL MHAMKATOPOM BOJHBIX MACC, 
TakXKe XapaKTePH3O0BaTb YCJIOBHA MepeHoca HM pacnpeseeHuA HCXOMHbIX KOM- 
DHEHTOB JIA COBPeMeHHbIX OCAaJKOB. 

B mepBom pelice akcnexMuHoHHOrO cyqHa «Muxaua JlomonocoB» B ceBepHol 
ctu AtsmanTuueckoro okeaHa mexay Vcnanquei u menstbom BputratcKux 
TPOBOB OblIM COOpaHbl B3BCWICHHbIe BeULeCTBa H3 MOBEPXHOCTHOFO C/IOA BOLI 
> paspesam: a) Mcnanqua — TeOpugzckue octpora, 6) BAomb werpdha Ucnangun, 
xp. Pelikpanec — meapt bputaucKux octposos, r) PapepcKo-Iormanackuh 
e100. BsBecb uccJleqoBasiacb MHKpockonMyueckuM Metogom (+). IIpo6a no- 
PxXHOcTHOH Bob (0,5 s1) MponycKasacb MOCMeMOBAaTebHO Yepes MIaHKTOH- 
IH PUJIbTP, Yepes NPeABaPHTeJIbHbIN (UIbTP C pasMepoM Nop oKoO 0,5 MM, 
fabTp Ne 4 (oxoo | ») udbusprp Ne | (0,35 p) Morrumenckon cbabpuKu yaptpa- 
[1JIbTPOB*. 5 
KowmuecTBo YacTHI, Ha (bWIbTpax MOACUHTHIBaOCb MO, MMKpocKONoM, UH 
IIpeIBapHTeJIbHOM (PHJIbTpe ONMCHIBAJICA KAYECTBEHHDIM COCTaB Ooulee KPYMHbIX 
cTuu. Uucno yacTuy >5 p (npesqBapuTesbHbIli PUMbTP) KOMeOaNOcb B Mmpememax 
+ 9 no 51; uactun pasmMepom 5—1 uw (puaptp Ne 4) —or 748 no 3761; <1 up 
bumbTp Ne 1) — or 531 go 5103 B nome 3peHua MuKpockona. Ilo uucay 3epeH 
lta dactun >5y 0,3—2,1%; ana yactun5—l1 pw 13,4 —57,9% (uame Jo 39,1 %); 
Iii CAMbBIX MeIKUX uacTun — 59,9 — 85,6% or o6ulero 4uCa NOACUHTAHHBIX 
ACTHIL. 

MuxkpockonMueckui aHaJIH3 B3BeCH H3 MOBePXHOCTHOFO CJIOMA BOJbI NOKasail 
bmune TpeX OCHOBHBIX THMOB HM HECKOJIbKMX MOATHMOB (puc. 1). ATuanTuueckuit 
IM [MOBePXHOCTHOM B3BeCH XapaKTePH3yeTCH OUCHb MaJIbIM KOJIMYCCTBOM 
—12) uacrun >5p; KomMuecTBO "actu 5—1 wv cocraBiaet 31—37%; HaHOouee 
eJIKUX — oKoO 65% (B cpeqHem). Takum o6pa30M, aTMaHTHuecKad Boda OT- 
yaeTCa B STOT Mepvor (HOAOph) Sob uO wucToTOH. Ha n1aHKTOHHOM (puuIbTpe 
€Cb BCTPeu¥alOTCA TOJIbKO CJMHUUHbIC OCTATKH PakOOOPa3sHbIX M Apyroro opra- 
yecKoro JleTpHTa, a Ha NpesBapuTeNbHOM (puJIbTpe — MeJIKHe MHMHepaJIbHbIe 
HLIMHKU, U3peqKa KapOouaTHble OGJIOMKH, elle pexke JHaTOMOBbie HW pyre Bo- 
b pociM. ITOT THM B3BeCH MpocuexeH MO xoLy ctpyu ATjaHTMyecKoro TeYeHMA 
rO OTBETBJICHHA BLOIb Mapepcxo-McnanycKoro nopora — Tevenua Mpmuurepa. 
id BCTPe4¥eH TakxKe B CeBepo-3anaqHoH uacTH CepepHoro Mops, Kya ocTymaeT 
rlaiTHyecKkasd BOJa yepes npomHB Mexkyy [otrmanazcKkumu ocTposBamu HX [orsman- 
Hen. 

B nOHOM COOTBETCTBHH Cc nomoxeHHem MpmunrepcKol BeTBH TeYeHHH UC 
APaKTepOM B3BECH HaXOAUTCA COJIEHOCTH BOJbI, KOeOMOMaAcA B NOBEpXHOCT- 
M Cj10€ JIMIIb B mpesemax 35,25 — 35,40°/,), a Take TeMMepaTypa BOsbI, m0- 


* OHOBpeMeHHO MPOBOAMICA TakxKe COOP B3BECH MIA BeCoBOrO ONpeeeHHA Ha PuAbTpe 
3 mo Merogquke Mucrutyta okeaHonorun AH CCCP (?), Ho 9TH JaHHble OyAyT O6OOMeHEI Nos y- 
eC. 
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CTeNeHHO MOHM*Kalollanca K sallany. Ha menphe MciaHqun ofHOBpeMeHHO 
¢ MOHMKeHHeM comeHocTH (35,07°/5)) 4 TemMepatypbl (7,15°) BospacTaeT KOJM- 
ueCTBO M@IKHX HM Meubualiwmx yacTu nu Ha craniuH Ne 23 (ry6una 100 my 
NOABJIACTCA 3AMeTHOe KOJIMYeCTBO JMaTOMOBbIX BOfOpocseH. Ha ocTpOoBHOM: 
wokoue UcnaHiuu cocTaB B3BeCH Me€HAeTCA: KOJIMYCCTBO YaCTHIL Dam |) yMeHb- 
wiaeTca (23,3; 27,6%), COOTBETCTBEHHO YBeJIMYMBAeTCA POJIb MeJbUaHIeH cbpak- 
uuu (75,0; 71,7%). Bapecb o6oramlaeTca OOJIOMKaMH BOAOPOceK M yrOBaTbIMa 
MHHepaJIbHbIMH 3epHamu. M3meHeHHe COCTaBa B3BeCH CBUJCTeIbCTBYeT O MOCTYM~ 
JICHMM MHbIX CTpyii, OOorallleHHbIX MeJIbYaHIIMMU YacTHWAaMy, T. €. NPOWWe IMME 
JWIMHHbIM WyTb OT HCTOUHHKa ee 
NOCTYMJIe€HHA, ISTO oTpaxaer, oue- 
BHHO, IIpHTOK MpHOpexHbIX BO, 


=a a VcnaHquu HW XONOZHBIX CTpyH u3 
I penwaHackoro Mop. 

/ Ilo paspesy Mcnangua —Te6- 

hes puyckue ocTpoBa B oTpore rvy- 

Ss 60KOBOLHOH KOTJIOBMHbI, OrpaHH- 

YeHHOH C 3anafa xp. Peikpanec, 

CL): 4 rye Bogbl Teyenua Mpmunrepa 

MM » Hs CM€IUMBaloTCA C BOWaMH MUHHOTO 

: IIPOHCXOMMCHHA, B3BECb COXpa- 

2S ee TOT 2Ke€ CMelIaHHbIM xXapak- 

SS. 2; 


or 


Puce. 1. Tumpr s3asecu: | aTlaHTHyeckad Mo- 
BepXHoOcTHad, 2—  aTNaHTHYecKad ruy6uHHas, 
3 — mpu6pexuaa, 4 — cmelllaHHbId THN Ha OaHKe 
PoKKoJI H B BOCTOUHOM > «Ke06e, 5 — cmMelwaHHbiii 
THM C MpPHMeCbIO XOJIORHOBOHBIX KOMMOHEHTOB, 
6 — cMelliaHHad B3BeCb Ha MeKOBOybe Dapepckux 
OCTpoBoB, 7 — CMelIaHHaAt B3BeCb Ha CKJIOHE 
Vcnanauu 


Tep—aTJaHTHYeCKHH C MpHMecbio 
XOJIONHOBOJHbIX KOMIOHEHTOB. 
KomuyecTBO YacTHIL Ha mpezBa- 
PHTeJIbHOM (PHJIbTpe 3fecb Koe6- 
getcnxn oT 16 Zo 30, koneOaHus 
@pakunu 5—1 p 18,8—25,2%. 
B coctaBe B3BeCH 3eCb MMeeTCH 
HeGOJIbIUOe KOJIHYECTBO OpraHuye- 
ckoro leTpHTa, BOOpoceBLIe 


KJICETKH, KapOOHATHbI€ OCTaTKH, B TOM UHCJIe TOOMrepHHbI H HEMHOFO KOK- 
KOJIHTOB, H3peqKa OCTAaTKH paMOApHH, AWWa KOMeNOX, HEMHOTO MUHepaJb- 
HbIX 3e€peH. CoJIeHOCTbh MOBEPXHOCTHOFO CJIOA BOJbI 39€Cb OUCHb NOCTOAHHA 
(35,32°/,,), TeMMepaTypa MOCTeMeHHO MOBbIMAeTCA Cc yaneHHem ot Mcnanyun. 

Jjamee K BOCTOKY, B paloHe OaHKH PokkOJI M NPHMbIKaIoOulHX K HeH c 3anala 
BOSBBILeHHOCTeH, Ha rury6uHax 1080—1480 Mm B Boje c NOBBILMeHHOM COJICHOCTbIO 
(35,38—35,40°/,,) u Temnepatypoi 10,1—10,6°, T. e. B Boye, BHO mpoucxoy,A- 
we us ATaHTHUeCKOrO TeUeHHA, BCTPedeHa B3BECb OUCH CBOCOOPasHOrO Mexa- 
HHYeCKOPO CocTaBa C KOJIM¥eCTBOM YacTHy O—1 p 13,4; 13,84 15,5%; MeHbIte 
1 p—83,8; 84,9; 85,% KonuuecTBo uacTHIL Ha MpeZBapHTesbHOM (puIbTpe 
(10 u 14) Takxxe CooTBeTCTBYeT OCOGEHHOCTAM AaTJIAHTHYeCKOM BOLI H HECKOJIbKO 
MOBbIWMAaeTCA Y CKJIOHA NOABOAHOH BosBbIeHHOcTH JDKopyxK Baa (go 28). 
Ilo KayuecTBeHHOMY COCTaBy B3BeCb OLHOPOAHA, C MpeobsayaHveM KapOOHaTHBIX 
OCKOJIKOB, YvIOOHTepHH HM OTJ@NbHBIX KaMePp, KOKKOJIMTOB, a TakxXe 
C peXKUMH AHaTOMOBbIMH BOJOPOCJIAMH H OTIC bHEIMH BOLOPOCJeBbIMH KJIeTKaMH. 
Bee 9TO CBHJeTEJIbCTBYeT O TOM, UTO BOa ATMAHTMYeCKOFO TeEYCHHA 3]eCb Haxo- 
TMTCA B OTHOCHTEJIbHO HEMOJBHXKHOM COCTOAHHH, BCJIeACTBHE 4YerO MPOHCXOAUT 
BbINaeHve Ooee KPyMHbIX KOMMOHEHTOB B3BeCH WH OTHOCHTesIbHOe OOorallleHHe 
e€ M@JIbUaHINMMM YaCTHIaMu*. OTOT THN B3BecH (prc. 1) cBaA3aH C BHIXOJOM Ha 
MOBEPXHOCTb Oosee PIYOOKHX COB ATMAHTHYECKON BOAbI (puc. 2) c OTHOCHTeb- 
HO MeHDbIUHM cOJepxkaHHeM KUcJopoya. 

B ormuune oT menbpa Ucnanqun, B3Becb B palione Oanku PoKKow H Ha WeNb- 
de BemuKoOpuranuy, Hocsillad TakxKe CMelIaHHbIi_XaDaktTep,! uMeeT 3HAuUTeJIB- 


* Bpilenenve JaHHOro THMa B3BeCH MO ee OCOOeHHOCTHM OblIO CeaHO He3aBHCHMO OT jaH- 
HbIX PHAPOJOrMyecKkoro H THAPOXHMMYeCKOrO OTPAOB HW Hallo B HUX Mo3sqHee GnecTamee NOL- 
TBepxKeHHe, TaK Kak COBMasIO C yYaCTKOM NOJbeMa TIYOHHHKIX BOX BAOMb 3anamqHoro CcKOHa 
@Mapepckol BOSBBbIIMeHHOCTH. 
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> Coulee pasHooOpasHbIit KayeCTBeHHbIli CocTaB. 3/1ecb Hapsly c aTaHTHYeCKHMH 
|pOoHaTHEIMH KOMMOHeHTaMH BCTpeyeHbI AMaTOMOBEIe 1 Apyrve Boxopocun, 
}HOTOUMCJICHHBIC OCTATKH 300MaHKTOHa, MHHepaJIbHbIe KOMNOHEHTHI, B UacT- 
CTH KOPH4HeBbIe MacTHHKM OnoTHTAa (?) M MecTaMH MevIKHe KBapleBple 3epHa, 
TOUHHKOM KOTOPBIX, OUCBHAHO, ABJIAIOTCH MeTaMopduyeckue Noposb mpusera- 
HILMX OCTPOBOB. OueHb OJIM3KMii XapakTep HOCHT TaKxKe B3BeCb y @MapepcKux 
TPOBOB, Te B €€ COCTABe BCTPeYeHbI SHaYHTeIbHOe KOJIMYeECTBO JMaTOMOBbIX 
ee = B TOM 4ucue Rhizosolenia, Coscinodiscus, ocrarKu pakooOpas3Hbix, 


del /\ VN cmanyua 


Cn. So TE VIN RE as ee ee 43 ue ee 
VASSAL BN XO LARRY 1 
225 CSS LRM 50 
Ve Me LLL LTS PLL 2 
See NE TTT B leat 
il 10° 


7° f 
1000 
oO 
ol ek 


2000 
M 


eas pelea ees 
f Ms Ge G77 


Puc. 2. Mamenenua komMuecTBa HM MeXaHHyecKOrO CocTaBa B3BeCH TIO paspesy xp. PelikKb- 
saHec —wWenbd BputaHckux octpospos. / — 3 — a6comoTHOe KOJMYUeCTBO YaCTHL: 
1— uacTuun > Sv, 2—5—1 yw, 8—<lw; 4 5—npoueuTHoe cogepxanne 
yacTtun: 4— 5 — 1 u, 5 —<l p; 6 — kucnopoy (cm?/n); 7 — Temmepatypa Boge! (°C) 


are Konenog, 3eleHble KeTKH Halosphaera, a Tak»xxe OHOTHT H UePHbIe MU- 
epauibuble 3epHa. B cBa3H Cc OM30CTHIO Gepera KOJIMYeECTBO UaCTHL Ha MpesBa- 
HTCNIbHOM CUJIbTpe 37eCb MOBbIIMeHO, HampuMep Ha ruyOuHe 405 m yo 42, 
e€XaHH4eCKHi COCTAB B3BeECH OTPaxKaeT ee CMEINAHHbIi xapaktep (19,2 u 23,6% 
Dpakuuu 5—1 wp). 

Ha paspese MapepcKue octpopa — Llotrmanyckue ocTposa B cTpye ATiaHTH- 

eCKOrO TeYeCHHA, MPM KUMAIOIUelcA 3]ecb K BOCTOUHOMY CKJIOHY, BCTpeyeHa 
MiIIHUHaA aTjlaHTHYecKad B3Becb (15 yacTHI, Ha MpeABapHTebHOM (PHJIbTpe). 
OCTaB B3BeCH pa3sHOOOpasHbIii: MaTOMOBbIe BOAOPOCJIN, PIOOHTepHHbI, H3pelKa 
AKUONAPHU, MepuyuHeu (Ceratium), salma Konenog, 3ereHple KneTKU (Halo- 
phaera)*, a 43 MHHepasIbHbIX KOMMNOHEHTOB— OuOTHT (?), KBapl, 3eMJIMCTHIe Yep- 
[ble 3epHa, a TakyKe OpraHwyecKHH eTpHT. 
J{po6uoe BbIJeeHHe B3BeINeHHbIX BeLCCTB H H3yYeHHe HX MMKpoOcKorHMye- 
KOTO COCTABa Jlae€T BOSMOXKHOCTh YCTAHaBMBATb MPOHCXoOx*KMeHHe BOAHBIX Macc 
[ axe OTebHBIX cTpyH. IIpenmymlecTBoM 9TOFO MeTONa ABJIAETCA MOTPeCOHOCTh 
MaJIbIX KOJIMUCCTBAX BOJbI, a TaK2%Ke HEMeVJICEHHOe MOJyYeHHe PesyJIbTaTOB, 
TO MOXKET ObITH HCMO/Ib3OBAHO IPH PHAPOMOrHYeCKHX UCceqOBaHHAX HemMocpeL- 
TBCHHO B 9SKCIe(MIMH. 


VucturyT okeaHosorHu Tloctynuso 
Akayemuu Hayk CCCP ae © i be)5}°) 


UMTHPOBAHHAA JIMTEPATYPA" 


1M. B. Kaeuosa, Tp. Foc. oxeanorpapuy. uuct., M., 1952, 7 A. TI. Jl u- 
M4 wb H, Tp. Uncr. okeanon. AH CCCP. B. 19, M., 1956. 


 * Tlonp3ytocb cyyaem no6naroqapuTb mpod. B.A. AwHopa 3a so6esHoe ompeyenenue xa- 
AKTepa MJIaHKTOHHbIX KOMMOHCHTOB B3BeCH. 
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Jloxxaygn Akapemuu nwayk CCCP 
1959. Tom 127, Ni 2 


LHTOJOLHA 


T. ©. NOJIAKOBA 


VCCJIEQOBAHME MOJIMCAXAPHOB NPH ®OPMHPOBAHHH 
NbIJIBDINEBbIX 3EPEH Y TPAJXECKAHIMM 


(IT pedcmaeaeno axademuxom B. A. Jneeaveapdmom 10 II 1959) 


Tlocue toro, Kak [Ha6ayamom (1) x Xouxucom (?) Obwia npesomweHa HOBAA,. 
Oonee CoBeplleHHad, MeTOJMKa OOHapyXeHHA NOMMCaXapHOB B XKWBOTHBIX U 
PaCTHTeCJIbHbIX TKAHAX, CTAJIM NOABJIATLCA PaOOTbI, MOCBALLEHHbIC BbIABJICHHIO- 
H MOBEJEHHIO NOHCaXapHOB Ha PasJIMYHBIX 9TAMAX KU3HEACATEbHOCTH KJICETKH. 
Oyuako Bce 3TH PaOOTh! NPOBOAHJIUCbh HCKJIOUNTEIbHO Ha XKUBOTHBIX OObEKTAX 
(°°) u, HaCKOJIbKO HaM H3BeECTHO, COBeEPIIeHHO He KOCHYJIMCb PpaCTeHHH, B TOM: 
yucyie H NOKPbITOCeMeHHEIX. B nacTosleH paOoTe WelaeTcA nepBad NOMbITKa B 
39TOM HalipaByieHuu. OcHOBHOH 3afjauel ee ABJIAeTCA HCCJIelOBaHHe JWHAaMHKU 
HaKOMIe€HHA NOMHCaXapHAOB B Mpolecce cOSPpeBaHHA MbWIbILEBLIX 3ePeH y TPa- 
qecKaHluu mupH momouH MetogquKu Ila6anama — Xouxuca. 

Matepuaad WH MEeTORHK aA. OOSEKTOM AIA HaCTOAero UccIETO-. 
BaHHA TMOCIYKUIA MbWIbHHKH JByX BugoB Tradescantia —T. blossfeldiana u 
T. fluminensis B KauecrBe cbuKcatopa Obi B3AT (~UKcaTOop Kapuya (6:3: 1). 
Matepuiadl OObIUHBIM NyTeM JOBOLMICA JO napaduna. Cpesbi Ledasucb TOMMMHOK 
B 6 p. [[penapatnt o6padatpiBaiucb no Wadananry — Xouxucy (meplhoguctaa 
KuculoTa 15 MuH., MpoTouHad Boa 10 MuH., CNowacKHBaHHe JMCTHJIMpOBaHHON 
Bowoh uw 1 N HCl, peaxtus Wyudda 15 muu., cepnuctnie Bogn I, II, II] no 
5 MHH., MpoTouHad Boyja 10 MHH.) Hu 3akJIIOUaJINCb B KaHawCKHK Oalb3sam. OnHo- 
BPe€MEHHO C OMbITHBIMH NpenapaTaMH CTaBHJIMCb KOHTPOJIbHbIe B JIBYX CepHAX: 
1) mpenapaTbl momellaiucbh B peakTuB Indda 6e3 o6paboTKu neployzaTom; 
2) nepex OOpaOoTKoH mpenapatos no MlaGapamry — Xouxucy onuv O6padaTHIBa= 
JIMCb NTHaIHHOM mpu 38° B TeyeHHe 45—60 MuH. 

Jia onpeseeHua cTayqu pa3sBUTHA MbIIbIeBOrO 3ePHa YaCTb CPesOB MbWIb- 
HHKOB, OOpaOaTHIBaeMbIX Ha MOJIMCaXaPpHAbl, OKPalIMBaslacb Pa3JIMUHbIMM Kpa- 
CHTeCJIAMH (2KeNeSHbIM FeMaTOKCHJIHH Tetienralva, MeTHJOBbIN 3eleHBIi— nupo- 
HHH, peakuua Denbrena) Bce muKpodotorpaduu cyremanbl 6e3 @usbTpa npu 
yBeJIMueHHH MuKpocKona Apo-90~x 10. 

PesyabTaTb. O6padoTka npenapatos no MWad6azanry — Xouxucy no- 
Ka3aJla, UTO B MblJIbIeBbIX 3epHax Tradescantia nomucaxapHybl HaxOATCA B. 
Bue TpaHyJ W B Auddy3sHom coctosuHH. [panyJibl NOABIAIOTCA MmpeMMyllectT- 
BeHHO Ha Ooslee NO3THUX CTaMAX pasBUTUuA. B OMHOATEPHbIX MbIWIbUeBbIX 3epHax 
y T. blossfeldiana rpany nonucaxapunos uet; y T. fluminensis B nHTONNa3Me 
HMeIOTCA MeJIKMe CMHMUHbIe rpanyspl. LuTonia3sMa U APO MbWIbILeBLIX 3epeH 
OOOUX BUOB OKpallMBaloTca Ludpy3HO B GJIeMHO-posoBbii WBeT, OKpacKa WuTO- 
TlJla3Mbl HECKOJIBKO CHJIbHee. S1PKO OKPaLIMBalOTCA OOOJIOUKH MbIWIbIeBbIX 3epeH,,. 
Ha NOBePXHOCTH KOTOPHIX pacnOslaraloTcA HanOouee KPyNHble MpaHyJbl NOMH- 
Caxapuyos. Hedoubuioe KoMYeCTBO MeJIKMX PpaHyJI NOMCaxapHOB HaXxONT- 
CA TakxKe MeKy NbWIbIeCBLIMH 3epHaMH (puc. | a). Tlocne o6pa6oTKu cpesoB. 
ITHaIMHOM rpaHyYvJIbl. MOJMCaxapUWOB PaCTBOPAIOTCH, OCTaeTCA MMUIb Luddbys- 
HOe OKPallHBaHHe, KOTOPOe COXPaHAeTCA TaKXKE B MbWIbIEBLIX 3epHax. B MoOJIO- 
AbIX [BYACPHbIX MbWIbIeBbIX 3epHax, re reHepaTHBHaA KJIeTKa MMECET JIHH30- 
oOpasHyl0 (bopMy H MOTHO MpHuleraeT K CTeHKe MblIbUeBOrO 3epHa, y T. bloss- 
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Puc. J. Tlomucaxapuabl B MbLIbHUKax TpageckaHuuu. PuKcalluA CMecblo Kapuya, oOpa6orka 
no tla6aqamy — Xoukucy. a — eMMHHUHbIe Ppavyvibl MOMMCAXAPUAOB B OAHOAACPHBIX IIBIVIDILE- 
BbIX 3ePHaX H HEOO/IbUIOe KOMMUYECTBO Me@/IKUX pany MexKy MbWIbIeBBIMH 3ePHAaMH y T. flumi- 
|nensis; 6 — yBeMueHHe KouMYeCTBa TpaHyA MexKy MbIIbIeBbIMH SePpHaMH y T. fluminensis; 
Tbwiblesble 3epHa ABYALEPHbI, TeHepaTHBHaA KieTKa MH3O0OOPpasHO PopMbl, 6 — HaKOMTeHHe 
rpakyd MOMMCaXapHOB B MbWIbUeBbIX 3epHax y T. fluminensis; 3ameTHa TeHJeHUMA rpyMMHpOBKH 
“HapyXEbIX MOMMCaXapHJOB y COOMOUeK MbWIbUeBbIX 3epeH (reHepaTHBHad KsleTKa OKpyrvioli 
(OpMBI; Ha MHKPOdoTo OHa He BHHa); @ — MblbliBble sepHa T. blossfeldiana Ha TOW »Ke cTaqHH 
PasBHTHA; B MIbWIbUeBBIX 3epHaX PpaHy MOMMCAaXapHAOB HET, OHH PactomararoTca TOJIbKO M@KLY 
IIbIIbILeBbIMH 3ePHAaMH H FpyMMMpyloTcA y UX OOoOMOUeK; FpaHybl SHAYHTCAbHO KpyllHee, YEM y 
T. fluminensis; 0 — JavIbHefuiee yBemmueHHe KCJIMYeCTBa MOJIMCAXaPUOB B IIBIIBIEBIX 3ep Hax 
|W Mposom«K atoulaacA PpyMNHpoBKa UX BOKPyT o6omouek mocaeqHux y T. fluminensis (reHepaTHB- 
“Was KsleTKa HauHHaeT yAHHATCA, Ha MHKPOoTo ee He BUJHO); € — rpaHyJbl MomMcaxapuoB 
|p IIbWIbIeBbIX 3epHax Mepeg pactyckaHueM UpeTKa M HCuesHOBeHHe TpanyA MexKy MbWIbUCBBIMH 
3epHamu y T.fluminehsis 


. 127, Ne 2 Tlonaxosa 


Idiana rpaHys nomucaxapuHygos Het, y T. fluminensis KomuuectBo rpanyJ 
HeCKOJIbKO yBeMuMBaeTca. PacnowlaraloTca OHH B WMTOMMAasMe BereTaTHBHOL 
KeTKH. HaOssofaetca LuddysHoe Oe1HO-posoBoe OKpallIMBaHNe BereTaTHBHOH 
a TeHepaTHBHOH KJeTOK, Ooulee apKoe y nocueqHeH. HeckoJIbKO HHTeHCMBHEe 
KpalluMBaeTcA OOOOUKa reHepaTHBHOH KJeTKH M HanOosee peskKO — O6oo0UKa 
[bIJIbIeBOrO 3epHa. CylaOee BCero OKPalleHO BereTaTHBHOe Apo. Mey mblib- 
KEBLIMM 3ePHaMHM KOJIMYeCTBO YpaHyJI NMONHCaxXapHOB BOspacTaeT, a caM¥ 
paHyJibl CTaHOBATCA Kpynuee (puc. | 6). Betpeuatorca rpanysbl pasHbrx pa3sme- 

)OB: MevIKHe, cpeqHHe u Kpynupie. Y T. fluminensis BenuuuHa rpanys Gouee 
HOTHNHAa, vem y T. blossfeldiana. Tlocne o6pa6orKu cpesoB nTManMHOM rpa- 
{YJIbI NOJIMCaXapUOB Kak B MIbIWIbIEBLIX 3EPHaX, TAK HW MEX Ay HHMH PacTBOPAIOT- 
aA, HO AudpdysHoe OKpawiMBaHHe coxpaHserca. Korga renepaTuBHaa KseTKa 
KPyriseTCA HM OTXOAMT OT CTeCHKH, B MblIbIeBbIX s3epHax T. blossfeldiana 
‘paHyJI NOMMCaXapUfoB ellie HET, y ‘i fluminensis KomMuecTBO rpaHyJI HECKOJIb- 

O yBeMuMBaeTCA. OHM pacnodaraloTcA NPCHMYIMLeCTBEHHO Ha MOJOCaX MbIWIbIe- 
soro 3epHa. CpequHHasd YaCTb MbIIbIEBOrO 3epHa, B KOTOPOM HaxOUTcsA Bereta- 
MBHOe APO, MOUTH CBOOOLHA OT rpaHyw NomHcaxapuyos (puc. | e). Tuddysuoe 
KpalMBaHHe OOe€HX KJIETOK MbWIbIeCBOrO 3€PHa HeCKOJIbKO YCUJIMBaeTCA, U 
(OXPaHAeTCA Coulee HHTCHCHBHAA OKPacKa reHepaTUuBHOH KseTKH. Ilo-npexHemy 
tanOovlee GJIEHHO OKpallleHo BereTaTHBHOe Apo. KosmuyecrBo rpaHy. BHE. IIblIb- 
|| oe 3epeH YBeJIMYMBAeTCA, OHV 3allOJIHAIOT MOUTH BCe CBOOOHBIC MpOMeEKYTKH 
exkiy HUMH. HaOurolaeTca TEHJCHUMA CKOMJICHHA PpaHyJ OKOJIO OGOIOUeK MbIJIb- 
Serr 3epeH. [lopefeHue nouMcaxapHOB B TOT MOMeHT, Korga reHep aTuBHaa 

JeTKa HauHHaeT YJWIMHATLCA, MpocsexeHo TOMbKO y T. fluminensis. Buyrpu 
(BIIBIEBLIX 3epeH HaOsiOfaeTcA fasibHeliwiee yBemMuYeHHe KOJIMYeCTBa rpa- 

fyJI MOMcaxapHJOB, KOTOPble CTaHOBATCA 3ameTHO Kpynuee. Ilo-npexHemy Hau- 
‘oulee GeTHbI MOWMCaXapHAaMH CpeMHHbIe yuaCTKH MbWIbIeBbIX 3epeH. OJHO- 
}PEMEHHO C STHM YHCJO pany NOMMCaxXapHOB, PaCHOJOReHHbIX MEXKLY MblWIb- 
€BLIMH 3€PHaMH, YMeHbilaeTcA, (OpMa UX CTAaHOBHTCA HeMpaBHJIbHOH, OHH 
JumatoTca Apyr c Apyrom. Bowiee oTueTAMBOH CTAHOBMTCA JOKaIM3allua rpaHyu 
OKpyr MblIbUeBbIX 3epeH. UacTo rpaHybl Tak TeCHO MpHJeraioT K HX O6OIOUKe, 
NTO OOpasyioT Kak Obl elle OAHY BTOPHUHy10 OOoIOUKy. Mexxyly MbIIbIeBbIMU 3ep- 
LAMM MOABJIAIOTCA YUAaCTKH, CBOOOHbIe OT NONMCaxapHpoB (puc. | 0). OOpaboT- 
{a Cpe30B MITHaJIMHOM MPHBOAMT, Kak HM paHbille, K pacTBOPeHHiO rpabyJ NowWH- 
axapHfOB KaK B MbWIbILeBbIX SePHaX, TaK WH MeXKy HAMM, — OCTAaeTCA TOJIbKO 
uddby3Hoe oKpamuBanne. B AByAJepHbIXx MbWIbUEBLIX 3ePHaXx, Nepey pacnycka- 
veM IlBeTKa, Kora POPMHPOBaHHe reHePpaTHBHOH KJIETKH y2Ke 3AKOHYEHO MH OHA 
puHuMaeT cepnoBusHy!0 (opMy, 3aMeTHO ycusIMBaeTCA OOMee WuddysHoe OKpa- 
|IIMBaHMe MIbIJIbILeBHIX 3epeH. B nocJieqHHX YeTKO BBIJeAIOTCH OKPYruble rpa- 
|lyJIbl NMomucaxapHfoB, KOTOPbIe pacMOJlaratoTcH HeCKObKO PaBHOMepHee, YeM 
|hanpme. [panyibl NomMcaxapHyOB, PacnoOJIO*KeHHble Me*K]Y MbVIbIeBLIMH 3ep- 
Jtamu, ucuesaror (puc. | e). IIpu o6pa6orke cpesoB Ha MoOsMCaxapHAbI C BbIKJIIO- 
MeHHeM MepHofaTa OKpalIMBaHHA cpesoB He HaOuwJlofaeTca. Jina BHIACHeHus 
IPUpoOAbI NoMMcaxapHfOB NpenapaTs! OOpaGaTEBaJHCb PacTBOpoM Jltoroas. 

\Ipu sTOM rpaHyJIbl NomMcaxapvfoB, HaxOJAllnecs B TIbWIbILEBLIX 3CPHAX, OKDa- 
HMBaJIMCb B CHHE-JIMJIOBbIN WBeT, TPpaHYyJIbl 2%e, JMexwalllve Me*K]y MbVIbIeBLIMH 
HepHaMH, OCTaBaJIVCb OeClBeTHBIMH. 

|| PesymbTaTb! MpOBeeHHEIX OOPaOoTOK MpenapaToB JaloT OCHOBaHHe 3aKkJIIO- 
|iuTb, UTO [paHyJIbl NOMMCaXapHOB, pacnONararolulMecA B MbWIbIEBLIX 3eCPHaX, 
HipescTaBsAloT COOoH KpaxMau. Kakoro pola NouMcaxapubl HAXOMATCA Mexky 
[bIJIDILCBLIMH 3ePHaMH, TPYHO CKasaTb. TO OOCTOATEbCTBO, YTO OHH He OKpallu- 
jjaroTca pH OOpadoTKe cpesoB pacTBopom Jltorous, CraBuT NO, COMHeEHHE BXO- 
iKleHue B MX COCTaB KpaxMavia. He uckJII0UeHO, OLHAKO, YTO OKPALIMBaHHe 3eCb- 
||IMee@T MECTO, HO OHO HaCTOJIbKO Ole AHO BCJIEACTBHe HEOOJIbINMX PasMepoB rpaHy., 
ito ocTaeTCA He3aMeTHBIM JIA Tuia3a. 3a CueT BHEKJICTOUHBIX NOJMCaXapHOB 
Inu MpOyKTOB HX MpeBpallleHHA MPOMCXOMUT, BePOATHO, OOPasoBaHve Kpax- 
jaa B MblWIbIeBLIX 3epHax TpayeckanuuH. J[nddpysnHoe oKpaliuBaHHe MbVIbIle- 
librx 3epeH, HaGmofatolleeca Ha BCeX CTANMAX PaSBUTHA, BOSMOXKHO, OODACHAET- 
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CA HaJIMuHeM B HUX MTHaIMHOYCTOMUMBEIX MyKOMONMCaxapHyoB. lenepaTuBHad 
KJIeTKa HeCKOJIbKO Ooraye, 4eM BereTaTHBHaA; HaHMeHbIWee KOJMYECTBO STHX 
COC€AHHEHHH COJep KUTCH B BereTaTHBHOM Ape. B npomecce POpMHPOBaHHA MbIWIb- 
IleBOrO 3epHa KOJIMYeCTBO MYKOMOJIHCaxapHoB yBeluuNBaeTcA. Kak KpaxMall, 
Tak HM MYKOMOMMCaxXapHbI ABAIOTCA, MO-BUJMMOMY, TCM OCHOBHbIM 39HeprerH- 
YeCKMM HCTOUHHKOM, 3a C¥eT KOTOPOrO MPOUCXOAUT MpoOpacTaHHe IMIbIVIbUeBbIX 
3epeH y TpalecKaHuUun. . 


JleHuurpayckul rocyapCcTBeHHbIM YHHBepCHTeT Iloctynuso 
um. A. A. )KqaHosa 9 II 1959 
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CPHCTOJIOTH A 


WM. WI. BAMCMAH 


MOP®OJIOTMHYECKHE H3MEHEHHSA B CHMIMATHYECKHX 
PAH JIHMAX MPH TPABME CHWHHOrO MOSrA 


(ITpedcmaeaneno akademuxom H. H. Anuuxocoim 16 IV 1959) 


TpaBMa CIMHHOPO MOSra OTHOCHTCA K HaHOovlee CJIOKHIM Pa3zlesaM TpaBMaTo 
HM M BBISbIBaeT pesKHe paccTpOlicTBa CO CTOPOHBI BereTaTHBHO HepBHOIi 
;TeMbI, a Tak2%Ke BHYTPCHHUX OpraHoB. Mopdouormuecku 9TOT BOMpoc usy4eH 
AMHe HeJOCTaTOUHO, HM He TOJIbKO HeT CHCTeEMaTH4eCKNX HCCeELOBaHHH 3aBu- 
OCTH TAXKECTH HM pacnpocTpaHeHHOCTH H3MeHeHMH B CHMNAaTHYeCKUX raHriuax 
XapakTepa CMMHAaJIbHOH TPaBMbI, HO [axKe WJIOXO H3BeCTHbI H3MCHeCHHA Ha 
ITAXKCHHM CIMHHOLO MOSra, HMEIOINHe pelliaiollee 3HAYeHHE JIA PaSBUBAaIOLUXx- 
Ha nlepudepwu naTouornuecKux mpoweccos. JloBombHO NosxpobHO u3sy4eHBI 
‘bKO H3MC€HCHHA B CIHHHOM Mosre HelocpeACTBEHHO Ha MeCTe TPaBMbI WIM 
iu3H ee (7,°,°,8,14,18,17 1) Taoxe B HanOoslee NOJIHbIX COBPEMEHHBIX MOHOrpacpuax 
maTOMopdouoruu nepudepuyeckoH BereTaTHBHOM HeEPBHOM CHCTeMbI, B YaCT- 
/STH CHMMATHUeCKUX TaHrIHeB, OTCYTCTBYIOT JaHHble 06 H3MCHEHHAX B HUX pH 
|ABMaTH4YeCKOM MOBpexXKJeHHM CMMHHOrO Mosra (°,1* 1°). BMecTe c TeM B IpOHCxo- 
(CHM HM PaSBUTHH OCMOMKHCHHH CIMHAMbHOM TPaBMbI OOMbWICe 3HAYeCHHE MMeIOT 
IScTpOlcTBa TpoctbuKH OpraHoB H TKaHeH, B TeHe3e KOTOPbIX yuacTHe BereTa- 
HOM HePBHOM CHCTeMbI He BbI3bIBaeT COMHeHHH (’,°,1°). 

B Hactoallei paOoTte MpHBOAATCA pe3ybTaTbI MOpPosornMyeckoro UccIELO- 
HHA TaHriveB NOrpaHHyHbIX CHMMaTHYeCKHX CTBOJIOB HM COJIHeYHOrO crieTe- 
‘| B COMOCTaBJIGHHH C H3M€HCHHAMM B CIMHHOM MO3re, BO3SHHKaIOULMMH MpH 
IBIMUHEIX BHaX TpaBMbI MocweqHero. OnbiTbl mpoBeseHbl Ha 29 coOakax u 
|| B3POCJIBIX KPOJIMKaXx. 

TpaBMa CNMHHOrO MO3ra HaHOCHJIaCb B HECKOJIbKUX BapHaHTax Ha ypoBHe 
\—V rpyHbIxX CefMeHTOB MO MOp*uliHO-2PHPHbIM HapKO3OM C coOOuIIOJeHHeM 
lABMJI aCeNTHKM. CMMHHOM MO3r OOHaxKaJcA NaMHHaKTOMHeH III—V rpyuHbix 
IBBOHKOB. PKMBOTHBIe MaJid WIM ObWIM yOUTbI B pas/JIMYHbIe CpOKH OT 2 JO 
quel mocse TpaBMbl. HepBuad cucTeMa UCCJIeqOBaslacb IPM MOMOLLM COBpe- 
i OOUIMX HM CMHaJIbHbIX HeliporucTomorMyecKHX MeTOAHK (Huccub, 
Xaslb — Mapopckui, Bunpmosckulh, Ppoc—Jlappentbes, Kamnoc u Jp.) no 
Me, npeqvioxeHHot Bb. C. Jlofinuxospm (',*). 

B 4 onpirax mocjle mpoombHOrO BCKPbITHA TBEPAOM MO3rOBOH OOOOUKH 
HOH3BOJMaCb MpH MOMOUIM riaqkoro HW OCTpO OTTOYeEHHOFO Je3BMA OPHTBbI 
Had monepeunad mepepe3ska cmuHHOoro Mosra. IIpu Tako mMayauleH «riaz- 
Wm TMepepeske 30Ha TpaBMaTHYeCKO JereHepallMH 3aHMMaeT HeOOJbIION | y4a- 
dK B pesesax OfHoro cermMeHta. HanOoulee OTueTIMBbIe HeEKPOOMOTHUECKHeE, a 
*Ke OOPATHMble H3MCHCHHA HePBHBIX KJeTOK THNMa «ocTporo HaOyxaHUA» 4 
EPBHYHOPO pasipaxkeHHA» OOHAPyKUBAOTCHA TOJIbKO B WeHTPaJIbHbIX OTAeNax 
alHHX porax Ceporo BeleCTBa IOUTH HCKJIOUMTeIbHO B CefMeHTaXx, Haxo]a- 
IXCA BOJIM3H MecTa TpaBMbl. Vi3mMeHeHHA THMa NepBHYHOTO pas paxkeHuA 
ipelKa BCTPeualoTcs B ITHX Ke OTMeMaX HWKHEFPYAHBIX CefMCHTOB, a B INeHHOM 
MOACHHYHOM YTOJIMEHHH OHH yxKe OTCYTCTBYIOT. 

Ilpu 2TOM Buse TPaBMbI B NOrpaHWUHbIX CHMMAaTHYeCKUX CTBOJAX TOJbKO B 
HIVIMAX, HEMOCPEMCTBEHHO CBASAHHBIX AHATOMMYECKH C TPaBMHPOBaHHOH 00- 
CTbIO CHHHHOFO MO3ra, HM HECKOJbKO Yallle B COJIHEUHOM CIJIeETEHHH OTME4AIOTCA 
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Sakas3s 1810 


HeOOJIbIINE H3MCHCHUA HCPBHBIX KJICTOK, BbIpaxKalOulWecA B YMCPCHHOM HaOyX 
HH KJICTOUHBIX TeJI, MePHHYKJI€apHOM XPOMATOJIM3E H U3spej[Ka B CMeLLCHHH AT, 
Ha lepudepuio. OTH H3MCHCHHA, BEPOATHO, HE BbISbIBAIOT CYILCCTBEHHbIX Hapy 
WeHHH B (YHKUMOHAIbHOM JeATeJIbHOCTH CHMMaTH4YeCKUX TaHYVIveB. 1 

B 14 onpirax TpaBMa HaHOCHJIaCb TYMbIM Pa3MMHaHHeM CMMHHOFO Mosra Yepe 
HEMOBP@XKTCHHbIE MO3FOBbIe OOOJIOUKH, B pesyJIbTaTe VETO HE TOKO BOSHHKae 
OOWIMPHBIM yuacTOK paspyIleHHA Ha MeCTe TpaBMbI, HO MH3JIOMaIANMU H KPOBO 
U3IMAHUA JlasleKO paclipocTpaHAIoTCcaA B KayjlaJIbHOM H B MeHbIMeH CTeMeHH 1} 
KPaHHaJIbHOM HanpaBsIeHHAX, CONPOBOKMaACh TAKEJIbIMH HeKPOOMOTHYCCKHM! 
H3M€HCHHAMH HPBHbIX KJleTOK MOUTH Ha BCeM NPOTH2KeHHM PpyAHOPO UM WenHOr 
oTfeoB cnuuHoro mosra. IIpuH pa3MHHaHHM CMMHHOrO MO3Ira YacTb rpyHOr' 
oTyesa, Te pacnosOKeHbI CMMHAJIbHbIe CHMMAaTHYeCKHe WeHTPbIl, paspyllaeTcs 
B MOMe€HT TpaBMBI. Ilo Mepe yAJIMHeCHUA CpOKa KH3HH MRKUMBOTHHIX Noce onepa 
IHU, B COXPaHHBIUMXCA HEPBHBIX KJIeETKaX OOKOBBIX POFOB, Kak H B APYyFUXx yyacT 
Kax ceporo BelllecTBa TpyAHOro OTAea HapacTaloT THxKeJbIe HEKPOOMOTHYeCKH 
HeoOpaTUMble V3MeHCHHA. COOTBETCTBECHHO, B FaHrvIMAX MOPPaHMYHbIX CHMMAaTH 
YeCKHX CTBOJIOB, H OCOOeCHHO COJIHEYHOTO CMJIeTeHHA, H3MCHCHHA HePBHbL 
KJI€TOK BbIPaxKeHbl Oomee pe3KO, HB Oosee no3sqHHe cpoKH (go 12 Hen) 1 
HUX HaGJOMaloTCA MOCTeNe€HHO HapacrTarollHe Mpolecchl pa3z2%KHxKeHHA (puc. 1) 

B 10 onpirax npovsBeyeHa rpyOand nonepeuvasd llepepe3ka CNMHHOFO MO3ra 
BMeCTe C MOSFrOBbIMH OGOJIOUKaMH, NWJIAULMMH JBHXKCHHAMH CKaJibneda. B pe 
3yJIbTaTe TAKOH Nepepe3KH CNHHHOFO MOSla NPOMCXOJMT pacxomeHhe KayaJb 
HOrO HW KpaHHaJIbHOFO OTPe3KOB, a B OOPas0BaBLeMCA Ne*ekTe BOSHHKaeT OOP 
Had reMatoma. J[aHHbIli BU TpaBMbI OKa3avicH HaHOovIee TAXKEIIM, WH OOJIbIUAH 
CTBO 2KHBOTHBIX Malo B TeveHHe 4—7 HEH Mocue ONepallHu OT NpOy3HbIxX KPOBO 
TeYCHHH B MOJIOCTh 2XeTyAKa. BmMecte c TeM 30Ha HeKPO3a H TPaBMAaTHUECKO] 
JereHepallHH B CNMHHOM Mosre mocuie rpyOoH nepepesKH 3aHHMaeT TO Kpaan 
KaKJOH KYJIbTH TOJIbKO OKOJIO OHOFO CerMeHTa. TsaxKeJIbIe HEKPOOMOTHYECKH 
H3MCHCHHA HW PuOe/Ib HEPBHbIX KJIETOK OOHAPYXUBAIOTCA Ha HEOOJIbIIOM MpoTA 
2KCHHH B O6€ CTOPOHH! OT MECTa TPaBMB! H H3PeKa B WeHTPaJIbHbIX OTMeNax Cepor 
BelleCTBa B Oovlee OTAJICHHbIX OT YPOBHA NepepesKH CerMeHTax. Ha Bcem npo 
TAXKCHHH CHHHHOTO MOsra, BKJIOUaA NOACHHUHBIN MW WeHHbIN OTJeJIbI, HMeIOTCS 
pacnipocTpaHeHHble, HO OOpaTHMOro XapakTepa H3MeCHeHHA THMa «ocTporo Haby 
XaHHA» HW «NePBHYHOrO pa3spaxeHHA» wT. 1. B HeEPBHbIX KJI€TKAX OOKOBBIX PO 
TOB Pa3sBUBalOTCA OTYETJIMBbIe MaTOJOrHyeCKHe H3MeCHEHHA, OJHAKO HOCALLM 
Take OOPaTHMbIM XapakTep (puc. 2). B sTHxX SkCNepHMeHTaX B MHOFOUHCJIeH 
HbIX Ppynmax HEPBHbIX KJIeETOK CHMMaTHYeCKHX TaHrviveB OOHAPyXKeHbI pacipo 
CTPaHeHHble H3MeHEHHA, BbIpaxKaloulvecA B HaOyXaHHH UX Te, B pe3KOM xpoma 
TOWH3e, KpaeBOM cyBUure Apa. 

Boslee TxaxKeJIble H3MCHCHHA C MHKHO3OM Aep WIM BakyOuJMsallvel KseTOU 
HOrO Tela, XApaKTePHble WIA «TAXKEMOFO 3aG0JlCBAHHA» HEPBHbIX KJIETOK, ObIBAaIO' 
peako. Takum oOpasom, B STOH rpynne OMbITOB TAXKEeLIe NOPaxkeHHA HePBHBI 
KJI€TOK CHMMaTH¥eCKHX TaHrIMeB HOCAT OFPpaHHYeHHbIN XapakTep, a mpeobma 
WalOT BECbMa PaCIIPOCTpaHeHHble OOPaTHMble H3MCHCHHA, KOTOPbIe, MO BCe BepoO 
ATHOCTH, CONPOBOMKMAlOTCA HAPYWIeCHHAMH B HOPMaJIbHOH CPYHKIUMOHAJIbHON ea 
TEJIbHOCTH COOTBETCTBYIOINHX TaHIJiHes. 

IIpu conoctaBsieHHu TrHcTOMOpposOrMyecKHX H3MeHeHHit CNHHHOFO Mosra 
B YaCTHOCTH €fO CHMNaTHYeCKHX AJep B OOKOBbIX porax, M Nepudepuuecku: 
OTJeJIOB CHMIaATHYeCCKOH HEPBHOHM CHCTeMbI B OleHKe TeHe3a NMOpaxkenHui cumna 
THYeECKUX TaHrIMeB HeEOOXOsMMa CyryOas OCTOPORHOCTh, TAK KaK Peyub UT « 
TPaHCHe€BPOHAJIbHbIX H3MCHCHUAX MO OTHOMIEHHIO K e€PpBOMY HEBPOHY, pacnouo 
XKCHHOMY B CIMHHOM Mosre. TeM He MeHee, HallIM JaHHbI€e CBHeTEIbCTBYIOT | 
TOM, 4TO MOC/Ie TpaBMbl C AHATOMMYCCKMM MepepbIBOM CNHHHOFO MOSsra B Xapak 
Tepe H3MeHeCHHM, BOSHHKAIOULMX B HEM CaMOM (B UaCTHOCTH, B CHMHAJIbHbIX CHM 
MaTHYeCKUX WeHTpax), C OLHOM CTOPOHI, H B NepHdepwuecKHX CHMMAaTHUeCKH: 
raHrIMAX, C Apyrou, WMeeTCAH OMmpeyeseHHOe COOTBeETCTBHE. 

Bo Bcex BapHaHTaxX OMbITOB aHaTOMMYeCKHi NepepbiB CNMHHOrO Mosra, 
CJIENOBATEJIbHO, H BbIKJIOUCHHE BJIMAHHH BbICLUMX OTJCJIOB LeHTPaJIbHOH HeEpBHO 
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Puc. 1. Taxkembie HeKpoOnoTHyecKHe = =Pyc, 2, XpomaTomu3, peskuli KpaeBolt cABHr 
H3MCHCHHA P HEPBHBIX KleTKaX TaHl- sajipa gp HepBHBbIX KJleTKaX OOKOBOrO pora CNHH- 
JHA COMHEHOTO CIICTCHHA KPOJHKA, Horo mosra Ha yponHe VII rpyqHoro cermexTa 
mapwero uepes 12 nHel mMocepas- co6aKu, mapuleit uepes 4 AHA Mocme rpyOoit 
MHHAaHUA CNMHHOrO MO3ra Ha YPOBHE epepe3kH CNMHOrO MO8ra (BMeCTe C MO3FOBbIMH 
IV—V rpyauoro cermexta. MetoquKa  o6on0ukamu) mexay IV u V rpyqHeiMn cer- 

Huccasa. Ox. 10, 06. 40 Mextamu. Metoguxa Huccaa. Ox. 10, 06. 40 X 


Puc. 3. Orpy6enue, yBenHyeHHe o6bemMa uM ycuuJeHHe 
OKPalUHBaeMOCTH YvIbIOOK XPpOMAaTOMHbHOrO BellecTBa B 
HeEPBHbIX KJI€TKAX TaHTJIHA COMHEUHOTO CIIeTeHHA COOaKH, 
yOuToH yepes 6 Hel Nocme rpyOoli nepepesku cNMHHOrO 
mMosra Mexyay IV u V rpyHbIMH CerMeHTamu c yqameHHeM 
KayJasibHoro oTpeska. MetoquKka Huccas. Ox. 10, 06. 40 


JUAH, tT. 127, Ne 2, Baiicmanu 


icTeMbl Ha TepudepHyeckne CHMMAaTHUeCKHe TaHrVIHU MpOuCXOAUT OMHAKOBO 
\nuo. OHaKO B Pa3sJIMUHbIX CEPHAX OMBITOB PasBUuBalOTCA HCOAMHAKOBbIe H3Me- 
jana HePBHBIX KJI€ETOK, CBAS€H Me@XLyY HUMH UT. MM. Ha MpOTAKeHHH CHMHHOrO 
\sra, ocoOeHHO B €fO KayJlaJIbHOM OTJee, C KOTOPbIMH MpeNOOKUTeIbHO 
ako OblIO CBASATb Pa3s/IMYHA UM3MeHeHHH B CHMNaTHUeCKHX TaHrJNAX. 
| Jad mpoBepKu MpaBusbHOcTH STOTO HpesmonoxKeHnuA B 11 onbiTax Kpome 
|MHHSKTOMHM III—V rpyHblx NOSBOHKOB MpOusBOAMach TakxKe TpenaHalua 
WecTIOBOrO KaHaJia y OCHOBaHHA Kpectia. Ilocue rpy6ou nonepesHon mepepes- 
CMMHHOFO MO3ra BMECTe C MOSFOBLIMH OOOOUKaMH Mexyy IV u V rpyyqupimu 
MeHTaMH HM BCKPbITHA TBeEPLOM OOOOUKM B KPeCTILOBOM OTJee KayJabHbIi 
JPesOK ero YAaIAJCA NOMHOCTHIO HATPalyPalbHbIM MPOLBHXKeHHeM MeTAaJLJIH- 
KOFO CTepXKHA, BBEJECHHOFO Yepes OTBEPCTHE B FpyJIHOM OTJeNe NOSBOHOUHOTO 
daa. IIpu stow onepaliuu MopomoruyeckHe H3MeHCHHA B MeCTe TPaBMBI, 
[rakKe B HeMOCpeACTBeEHHO IIpHJierarouluxX K HeMY yuacTKax KpaHHaJIbHOrO 
)pe3Ka CIMHHOFO Mosra B OOILeM coBnayaior c H3M€HeEHHAMH, ONMCaHHbIMM MpH 
Hy Ooi nepepeske ClMHHOrO Mo3sra C pacxoxwJeHHeM ero KOHIjoB. M3smenenua 
DBHBIX KJI€CTOK Ha IIPOTAKCHHH BEPXHUX PPyAHbIX H WeMHbIX CETMeHTOB TakxKe 
OTHMHDI, HO BbIPaxkeHbl clabee WH HaAOJIOWAalOTCA B HECKOJIbKO MEHbILUeM YHCue. 
Ilocne yaneHua KayJlaJibHOro OTpe3sKa CIMHHOFO MO3ra B raHrauAax norpa- 
HbIX CHMMaTHYCCKUX CTBOJIOB M COJIHEUHOLO CIWIeTeEHHA BMECTO pacnpocTpaHeH- 
X OOpaTHMOrO XapakTepa H3MeCHEHHH HeEPBHbIX KJIETOK HMeeTCA OTYeETMMBOe 
2M4eHHe OObeMAa UM YCHJIEHHe OKPaLIMBaeMOCTH HHCCJIEBCKUX TIbIOOK (puc. 3). 
H3MeHEHHA CJIeAyeT PaclleHHBaTb KaK MPH3HaK H3ObITOUHOTO OOpasoBaHUsA 
OMATOMHJIbHOPO BeLLeCTBa B Pe3yJIbTaTe NOBLIWeHHA PYHKUMOHAJIbHOW aKTHB- 
CTH HEPBHbIX KJICTOK, BbISBaHHOM yaJieHHeM CHMNATHYeECKHX LWeHTPOB KayJaJIb- 
ro OTpe3Ka CNHHHOrO Mosra. B CBA3H C 3THM BbISbIBaeT COMHEHHe BCTpeyalo- 
ceCd BUIMTepaType yTBepxeHne (!”), YTO MPH yJaJleHHH CNMHHOPO Mosra MocT- 
TJIMOHAPHble BICMeHTbI JereHepHpyloT HM He OO/JIaaloT HHKAaKOM caMocTos- 
IbHOH (YHKUMOHAJIbHOH AKTHBHOCTHIO. TOJbKO peraHrviMoHapHble HepBHbIe 
OKHA, HJlyliMe K CHMMaTHYeCCKUM TaHIvVIMAM M3 HEPBHbIX KJIETOK yJlaJI@CHHbIX 
MeHTOB CIHMHHOrO Mosra, MerenepHpyloT H rHOnyT. 
|B 7 fOnosHuTeIbHBIX OMbITaX nocle JaMHMHsKTOMHH [I] —V rpyfHpIx mo- 
DHKOB IPH OMHOBPeMeHHOM Mepepeske CIMHHOFO MO3ra BMeCTe C MO3FOBbIMH 
boukaMu WH pa3MHHaHHH ero MpPOnsBOMIach Wakallad nonepewaa 
ibepesKa B HW KeeKallleM CerMeHTe; H3MeCHEHHA B NepMdepnyecKHX CHMMAaTH- 
‘hKMX TaHrIMAX B OCHOBHOM OblWIH TaKHMH Ke, Kak MPH WlaqAmlen «riayqkou» 
ipepeske CNHMHHOrO Mosra. 
VHCTHTYT SKCNepHMeHTAIbHOU Me IMUM ABI Tocrynuso 
AkayleMHu MeZMUMHCKUxX HayK CCCP 26 III 1959 


Xupypruveckad KJHHMKa 
Tlepmckoi o6nacTHOH KMHMUeCKON OOJbHUIbI 


UMTHPOBAHHAA JIATEPATYPA 


, B. B. CemenoBa-TaxuH-Ulauckaa, Apx. maton., 15, 
H. Bypmeuko, Zs. Neurol. u. Psychol., 148, 343 (1933). 
yg, H. A. 3o0m0TOBa, Tp. Ykpanuck. ncHxonepp. HucT., 14 
ukKosB, M36p. Tp. No HeHpomopdosorvu HM HeBponaTosorun, M., 
: : “uCKH UU, HopMambHaad MW NaToMorHuecKadA MopoorHsA Bereta- 
unix ranrmues, M., 1953. © WU. [T. Matyapckuih, Tp. Bcepoceniick. HaydHo-mpakr. 
\ixbep. Helipoxupypros, JI., 1954. *O. B. Hu kowaaes, Bonp. Henpoxupyprun, 9, 
|, 36 (1945). ®& T. JI. Comosa, Paspurne komnmeKca mMaToJOrMyeckHx HoMeHeHMH Op= 
Wop Taga np paspywienuu cnMHHOro Mosra, KanzugatcKas qucceptauus, JI., 1953. A 
‘oc, TpapMaTwueckve mMoppexJe@HHA HM OPHeCTPebHbIe paHeHHA HepBHOH cHcTeMbI, Hp- 
x, 1943. 1° B. K.Xopouwko, Kanu. meg., 16, Ne4—5, 441 (1938). 4 JI. A. A kKos- 
lip a, Ilpomeccer perenepauMu HM penapalluH B CNMHHOM Mosre mp TpapMe, KanyuyatcKas 

eptauua; Jlx, 1951. %L. Dumont, J. Cier, AMEPtiissten.  ACtasanats. ote 
MB, 425 (1957). 33H. Eichhorst, B. Naunyn, Arch. exp. Pathol., 2, H. 1, 225 
4). 14 F. Feyrter, Uber die Pathologie der vegetativen nervésen Peripherie, 
tn, 1951. 1 E. Herzog, Handb. d. spez. pathol. Anat. u. Histol., 13, 5, 1955. 1° A. 
nt z, The Autonomic Nervous System, Philadelphia, 1947. 17 P. Schiefferde- 
Ite r, Virch. Arch., 67, H. 4, 542 (1876). 18 H. Stroebe, Ziegler’s Beitrage, 15, H. 2, 
4} (1894). 
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TEHETHKz 


M, KJIKOUAPEBA | 
PA3BATHE XPOMOCOM B 3HrOTE AYMEHA MAJJIAQYM 17 — 


(ITpedcmaenexo axademuxom T. J. Jleicenxo 28 I 1959) 


Ha pacTHTeJIbHbIX H 2KHBOTHBIX OOBEKTAX JOBOJIbHO MOAPOOHO H3y4eHO Je 
jleHve KleToK myTeM MuTo3a. Mmeetca mpekpacHbIM NOJIbCKMM (uJIbM, cylesar 
Hb cynpyramMu Aufpeem u Jltogsuroli Baepamu. B sToM @uJIbMe, CHATOM C XK 
BbIX Pa3MHOKAIOUUXCA KJI€TOK SHAOCMepMa, XOPOWIO NOKasaHO BOSHUKHOBeHH 
XPOMOCOM B sAipe Mp ero JeJIeHHH WH UCYesHOBeHHe HX B HHTEPKHHETHYECKO: 
ape. AMppiuku, HaoOopoT, BO BPeMA MOABJIEHHA XPOMOCOM JIOMAalOTCA H CUE 
3al0T, a B JOUCPHUX Apax NOABAIOTCA 3AHOBO. 

B wutrepatype omucaHo CIMAHMe AMMeKeTKH CO ChepMHeM MH OOpas0BaHH 
BToporo ayppuuKka. Ilo JaHHbIM HEKOTOPEIX MCCJIeOBAaTeeH, AMPbINIKH MOry 
cauBaTecd (°). JambHetiiad cyqbOa appilliek He mpoculexkeHa. He npocuiexen 
caM Mmpolecc 06pa30BaHHA XPOMOCOM B 3HroTe. OObIHO NocIe OOpas0BaHHA BTC 
poro AApbIWika SMOpPHOJIOrH PHCyloT MeTacdasHy!0 MWIaCTHHKY, B PeKMX ClyuaA 
mpodasy (7,°,°). 

B HacTosilei cTaTbe MbI H3slaraeM JlaHHble O Mpolecce HaKOMIeHHA je 
OKCHpHOoHyKJenHOBOH KuCcOTH (JLHK) u pa3BuTHH XPOMOCOM B HHHIHaJIbHO 
KuleTKe — 3HroTe. 

JA ucculeqOBaHHA Obl B3AT AUMeHb copta Tlanauzym 17. Lperku duKxcupc 
BaJld MIpH UX CCTECTBEHHOM OMbWICHHH MU ONJIOJOTBOPeHUH. 

Y SuMeHA Mpolecc pacTBOpeHHA CIeEPMHA B Ape AUMeKMETKH H OOpas0BaHh 
OTMOBCKOFO A[PbILIKa HMeeT HEKOTOPbI€ CBOH OCOOEHHOCTH, MOITOMY MbI OCTAaH( 
BUMCA HeCKOJIbKO MofpoOuee Ha 3TOM BorIpoce. 

MsBecTHo, YTO AMWeKIeTKa Nepey OMJIOMOTBOPeHHeM He aeT MOJOXKUTEIbHC 
peakuun Ha JLHK. Cnepmuii, Haodopot, mpekpacHo oKpamimBaetca no Menpr 
uy. Ilocie MpOHHKHOBeHUA CHePMUA B ALPO AMMeKMeETKH OH MpeTepmeBaerT C 
UleCTBEHHbIe H3MeHeEHHA. Ero TeslO H3 TOMOreHHOFO HIM HeCKOJIbKO MOPHCTO! 
JelaeTCA MOXOXKUM Ha KJIyOOK, COCTOALIMM U3 rycTO CIIeTeHHbIX OyYCHHOBHIH 
HutTeH. Menaetca u tbopMa Tela — OHa CTaHOBUTCA Ooulee yAIMHeHHO, cepm 
BHUHOU, TeO JemaeTca pbixsbIM. HuTH cnhepMHA NocTeneHHO pacmossatoTe: 
paciileTaoTcdA M OOpasyioT B ALPe ALiMeKMeTKH HEOOLIWOM yuacTOK XPpOMaTHE 
Bou CeTOUKH (puc. | a, 6). 3arem xpoMaTHHOBas ceTOUKA, BCe Oosee PaspEIX MAAC 
pactibiwBaetca mo agpy. B stToli cerouke NOABJIAeTCH OTIOBCKOe APbIUKO (PI 
| e). Kak BHOBb BO3HHKIUee, TAK H MATEPHHCKOe ALPHILIKH He LaloT MOMOKUTEL 
How peakuuu Ha HK. Ilo Wenbreny c nogxkpacKoi AMXTrpIOHOM OHH OKpall 
BalOTCH TOJIbKO B 3eJIeHbIM WBeT. TeO MOJIONEIX AApbieK romoreHHoe. B weHT 
pacnoslaraeTcA OHa KPpyMHaxd WIM HECKOJbKO MeKUX Bakyouleli (puc. 1 
Halle BHUMaHHe MPHBeKO TO OOCTOATELCTBO, UTO AMPHILMIKU, KOTOPbIe JO ¥ 
rO OKPalIMBaJIMCb B 3@JIeHbI UBeET, Ha HECKOJbKO Ooslee NOS He (base PasBUT 
3HPOTbI BAPYL CTaJIM POSOBbIMH, a 3aTeM Hi JIMJIOBO-KpacHbIMH. JlasbHelimee uz 
yeHHe NoKa3asio, 4TO peakiunio Ha JLHK B agppuKe Jae He BCe ero TeNO, a TC 
KMe HATH, BOSHUKUIMe B HeM. B spplllike HHKaKMX HUTeH, aroulux noo KUTeL 
Hy!0 peaxunio Ha THK, fo storo He Opiwio. BHayase HATH OKpalIMBawTca B CJ 
00-POSOBbI IBET, 3aTeM, 10 Mepe PpaSBUTHA, OHH TaloT Bce Oosee APKVi0 OKPack 
Toukue, OreXHbIe HUTH A/pHueK NocTeneHHO HakansuBatoT HK, yrommarwr 
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N 
“OpaunBalOTCA H PasBHBalOTCA B XPOMOCOMBI (puc. 2 a). Hutu ALppuuKa moryt 
JbHO YJIMHATHCA HM MyCKaTb OTBETBJICHHA B TuyOb cTaporo sfpa, T. e. 
WXOJMTb 3a IpefeJbl APbIlIKa, OHakO He NOKNfan ero (puc. 2 6). Ilo 
spe PasBHTHA HUTH YKOPauMBaIOTCH, BOSBPalllaloTCA B APbIIKO HM TaM O6- 
h3yIOT XPOMOCOMbI. BHOBb BO3HHKIMIHe XPOMOCOMHbIe HaOOpbl B KOHEYHOM HTO- 
| pacnOularaioTca B lpewewax AfpbulleK V, eCJIM MOCMOTPeTb TaKOH MpenapaT 
| aByms JIMJIOBO-KPaCHbIMH AJIPbILIKaMH, HW TOJIbKO Ip Ooee CHJIbHOM yBeHUe- 
uu (15 x 90) MoxHO pa3JIHUMTb B AJPbillkaxX xpoMaTHHOBy!0 HuTb. Ilocae 
bpas0BaHHA XpoMocoM O6a Ha- 
bpa CMeLIMBaIoTCA H OOpasyloT 
HO MeTadasHoe Apo. 

B spe 3urorTs elle Jouro 
oryT ObITb BUHbI OCTATKU 
HeDMHA B BUe pa3s0pBaHHbIx 
VYCHHOBUHbIX HHTeH WIM OT- 
eJIBHbIX TuIbIOOK, pa3s06pocaH- 
DIX mo saAgpy. Jlo Bo3sHuKHO- 
PHUA B AJ[PbIWIKaX XPoOMaTH- 
OBLIX HHTeH B Ape 3HToTHl 
MeeTCH B OCHOBHOM TOJIbKO 
HK cnepmus. Ko sBpemenn 
OpMUpoBaHHA xpomocom JIHK 
MepMHUA pacxofyeTca wu ucue- 
faeT mouHOcTbIO. Mcue3aioT K 
TOMy BPeMeHH HM OOo0UKU 
(pa u Ayppimmka. XPOMOCOMBI 
(exKaT B TOMOreHHOH cBeTJION 
KapHomwlasme. 

_ TIponecec paspuTrua xpomo- 
(OM OMHCaH JIA CLyUaeB, KOra 


| 


Puc. 1. Apa shueknetoK (oKpacka mo Mempreny). 
a — BANpe AUWEKNETKH MATePHHCKOE APHIWIKO C BHOBb 
APHIWIKH OCTaBaJIMCb HECJIMB- ygosHHkUIMMH TOHKHMH HATAHMH; POM ciepMui, ero 
MMUCA UH cbopMupoBaHue Xpo- OyCHHOBHHAA HHTb pa3spbixusetca (30—60 mun. noe- 
MOCOMHBIX HaOOpoB wo B “7 OMbWICHHA); 6 — B APe MaTepHHCKOe AJPbIIIKO c 


| HHTAMH; CiepMHH Ooulee paspbixseH; rapoKu JLHK 
KaKNOM ANPbIMIKE  OTTEIbHO cimepMusx Pte cunts 10 fae cpequ HuTeH cnep- 
puc. 2 6). Ho ecuiM ALPbIWIKH ua nospasetcd ManeHbKoe ApbILIKO (1—2 yaca moc- 
BcKOpe mocue OOpa30BaHHA OT- Je OMbwieHua); @— HHTH B MaTePHHCKOM AApbINKe 
IIOBCKOTO CJIMBaIOTCA HM OOpa-  BEIPHCoBbIBaloTcA Oomee 4eTKO; cpeqH OycHHOBHAHBIX 
] HUTei CIe@PMHA y2Ke XOPOLWIO BHLHO OTILOBCKOe AAPbIUL- 
BYIOT OAHO KPyIIHOe, TO PasBH- 4 (1—2 uaca ote OMbIIeHUA); 2—B are pa 
THe XPOMOCOM HJl€T HECKOJIBKO syppimmka uw ocTaTKH rubi6oK u HuTeH JLHK cnepmus 


10-HHOMY. HTH B 9TOM CJly4ae (2—3 uaca moce ombiieHHs) 
DaSBUBaIOTCA He B ABYX, aBOJ- 


MMMJIOHHbIH HaOOp XpomocoM (puc. 2 2). TOUHO TaK Ke UeT PasBUTHE XPOMOCOM 
Torga, KOra CNe€pMHH, MPOHHKHYB B APO AWMWeEKJIeETKH, CJIMBaeTCA HenNo- 
PpeCTBeHHO C MaTePHHCKHM AJPbIIKOM WH pacTBOPAeTCH B HEM. OTO ABMeHHE 
OHapy2KeHO HaMH BriepBble Ha AuMeHe (puc. 3). B 3urote noce cMAHHA CHEPMUA 
MaTePHHCKMM APbILIKOM OKa3bIBaeTCA y2Ke TOJIbKO OHO KPyNHOe ALPbIMKO, 
jo6pa3s0BaHHA we BTOPOrO — OTIOBCKOrO — He MPOHCXOAMT BOBCEe. 

TakuM oOpa3oM, eCJIM B 3HrOTe HMeeTCA OJHO AAPbILIKO, NOABHBLIeeCA B 
pe3yuIbTaTe CJIMAHHA OTIOBCKOrO H MaTePHHCKOFO WIM B PesyJIbTaTe CIMAHUA 
CHepMHA C MaTePHHCKHM SAJPbIKOM, PaSBUTHe XPOMOCOM MIPOHCXOAHT Tak Xe, 
Kak H B CJlyuae, CCIM AXPbILIKH He CJIMBaloTCA. Pa3HHla COCTOMT JIMLIb B TOM, 
uTO B M€pBOM BapHaHTe HUTH Pa3BUBalOTCA B OOOMX APbIlIKax Cc OOpasoBaHHem 
JIBYX XPOMOCOMHEIX HaOOPOB, KOTOPbIe OObELMHAIOTCH B MeTacpasHOM spe (puc. 4), 
a BO BTOPOM BapHaHTe Ppa3BHTHe XPOMOCOM HJleT B OJHOM C OOpas0BaHHeM 
MMsIOMMHOTO UX Habopa. 

Tlonyuenupilt Hamu (bakTMYeCKH MaTepHadl NOSBOMAeCT MPOCIeLHTb MYTb 0O- 
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pa30BaHHaA Xpomocom B 3uroTe. IlyTb 9TOT, KaK BUJMM, CYWeCTBCHHO OTH4aeT 
CA OT MYTH OOPpas0BaHHA XPOMOCOM IPH OOBIYHOM MHUTOTHYCCKOM JeJIeEHHM KJIe 
ToK. Bo Bpema mpotba3bl MHTOTHYeCKOLO JleJIeHHA X POMATHHOBbIC HATH BOSHUKA 
1OT B Ape, HO He B AMPbIMIKaX, 
BeccnopHo, uTO XpOMaTHHOBas 
HUTb B APbIlIKaX 3HLOTbI ell 
HHKeM HeOblWwia OOHapyxeHa; 
EctTb paOoTbl, YKa3bIBaroulHe Hi 
mpeppalileHue ApbllukKa B APO 
HO HHTeH, Jaroulux peaKI{HIo Hé 
TLHK, B sTux aAyppuukax o6na 
pyxeHo He Opwio (’). Berae: 
BOMPOC, MOXKHO JIH MOMOOHBIE 
o6pa30BaHHaA B 3HrOTe Ha3bl 
BaTb AJ[PbilikaMH. MDakTH4eCcKy 
39TO 3auaTKH sagep. B caMOy 
yesle, MOXKHO JIM CUHTaTb Hd 
A]\PbILUIKaMH, eCJIHM B HAX pa3BH- 
Bae€TCH XPOMATHHOBaA CEeTb, ~ 
3ATe€M XPOMOCOMBI HOBBIX Aep. 
Mpi moujiaraem, 4YTO 3TH OOpaso- 
BaHHA 3HFOTbI, KOTOPbIe B 60- 
TaHHuecKOH JHTepaType Ha3bl- 
Puce, 2. Anpo s3uroret (okpacka no Membreny).a—B BalOTCA APbIIKaMH, MO Cy- 


APaX BbIPHCOBBIBaIOTCA XPOMOCOMHEI€ HaOOpbl; B ON- [IeCTBY CBO€MY ABJIAIOTCA Ta- 
HOM H3 SAJpbillek OOoO0UKAa pacTBOpHacb, H XPOMO- KUMH K€ OOpa30BaHHAMH, Kak 
COMHBIM HaOop sexKUT BCTapoM spe (4—6 yac. 2 
nocse onbiseHus); 6 —cbopMupopaHue xpomocomubix POHYKJeyCbl, T. €. MpebAT- 
HaOopoB B SAPbIWIKaX; HATH BbIMIIN 3a MpeeJIbl PHA B OMJIONOTBOPCHHbIX AHITe- 
aAMpbiueK (5—7 vac. Mocre ONbIIeHHA); 6 — B ALPBILLI- KleTKaX %KUBOTHBIX. VU IIpo- 
KaX (OPMHPOBaHHe XPOMOCOM NOAXOAMT K KOHILY; HYKJICYCbI, H AQPbILIKH 3HPOTEI 
OOONOUKH ApPbillleK pacTBopusucb (6—8 yac. mMocae 2 
ONbIeHHA); 2@ — POPpMHpoBaHHe XPOMOCOM B OJHOM AUMCHA = falOoT — BIOCIEACTBUH 
KPpyMHOM SAApblluKe 3HroThl (6—8 uac. mocme OMBI- HauaJlO HOBbIM A paM. EctTs 
JIeHHs!) IIpH 9TOM YKa3aHHA B JMTepa- 
Type, 4TO MpoHykKweycbl Tak»xKe 
MOryT OOpa3sOBbIBaTbh XPOMOCOMHEI€ KOMIVIeKChI JO ux cauaHuA (1, 4). Me- 
Tapa3HaaA WWlaCTHHKa OOpasyeTcA mocse CJIMAHHA XPOMOCOMHbIX HaGOpoB 
MY2KCKOPO UW XKCHCKOFO MPOHYKJeycos. 


Pue. 3. Aqpo sauueknerKu Puc. 4. Mopmuposanue 
(okpacka m0 @espreny). Metada3HoH TJlaCTHHKU 
CuIMAHMe CHEPMHA C ANPbILI- (okpacka uo ®euspreny). 
KOM <AlWeKIeTKH (30 — O6onoukKHu ANpbMeK 4 
45 MMH. Tocwe OMbWweHHs). apa pactsopuauch (12— 


14 yac. nocme onbiwieHus) 


JlaHHble, W310X%KeHHbIe B CTATbE, MOKA3bIBaIOT Culeytoulee: 
1. OTMOBCKHe HM MaTepHHCKHe AJPEIUKH B 3HroTe ABJIAIOTCA 3a4aTKaMI 
HOBBIX sjJlep. 
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9. B 3auaTKaxX HOBBIX Aep (MpelbALPUAX) BOSHUKAIOT TOHKHE HUTH, Cm0Cco6- 
> K HakonweHuto JIHK. Ilo mepe Hakonmenua JJHK nur ayppmek pa3sBu- 
TCS B XPOMOCOMBI. 

'3. XpOMOCOMBI B 3HrOTe AUMCHA ABIIMIOTCH HOBOOOPasOBaHHAMH. 

Mp: mosaraeMm, 4TO JasIbHelilive HcClelOBaHHA B ITOM OOIACTH NOKaxKYT, YTO 
ooGpasoBanue XPOMOCOM B 3HTrOTe 3aKOHOMEPHO He TOJIbKO WWI AUYMeHA, HO 


JIA I pyrhx BUZOB pacTeHHi. 


| MucrutyT reHeTuKi TocrynHuio 
|| AKayemuH HayK CCCP Me lelOog 


UMTHPOBAHHASA JIMTEPATYPA 


Bishop, Biol. Rev., 32, 296(1957). ?T. K. Beney 
iq, Mss. AH ApmCCP, 5, Ne 7, 23 (1952). ? E. H. Tepacumosa, Cellule, 42, 10- 
33). 471. B. Makap os, Ocnosp u¥Tonornn, 1953, crp. 480. > H.C. Moguners- 
imu, Bot. xypH. AH YCCP; Ne 2) 13 (1953). ®& Mi N. Pope, J. Agric. Res,, 54, Ne 7, 
(1937). 7b. H. Pan kuc, Usp. AHCCP, cep. 6uvon. , No 2 (1955). 
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TEHETHK. 


H. A. THYHOBA 


rJIOTEJIMH CEMSH MHOPOJIETHEM MWEHMILbI M-2 
WM EE POAUTEJIBCKHX SOPM 


(ITpedcmaeaeno axademuxom H. B. Luyunoim 23 IT 1959) 


IlenouepacrBopuMblit GenoK mueHuE! JioTecuenc 329 (Triticum vulgare 
npipea Agropyrum glaucum u BpiBeyzenHow H. B. Lununpm us stux opm 
NOMOULbIO OTMaIeHHOM THOpHAMsalNH MHOrOJIeTHeH MMeHHUbI M-2 (7) Opi m1 
jlyueH Hamu MeToyom Oc6opHa (Osborne) (°). OcraTok MykH MocJle HSBuIeueHR 
ambOyMHHa, rloOyIMHa M riMalMHa 9KCTparupoBaiu 0,2% pacTBOpoM Mes04 
MW nepeocaxkaiu pa3s6aBleHHOl yKCyCHOH KMCJIOTOH, Mpwuem MepeocaxkeHt 
6eKa H3 WleNOUHOrO pacTBOpa OblIO NOBTOPeHO TPH pasa. OcayoK rviOTeJIUE 
TULATeJIbHO MPOMbIBaJIH pacTBOpaN 
CNHpTa pa3JIHUHbIX KOHIWeHTpaluH (SI 
60 nu 70 06. %) qua yRaneHua u3 mp 
Tlapata Bcerya MpHCyTCTBYIOUMX B HE 
OCTaTKOB TviHajlMHa. BbpicyleHHble 3. 
TEM AalleTOHOM HM OOe32%KHPeHHb!e 3:PUupc 
ipenapaTbl rioTeIMHa UMeIM CJelyk 
mee cosepxKaHHe a30Ta (B mpoLel 
Tax K aOCOJIIOTHO CYXOMY BelllecTBy 
TUOTeHHH miwenHub Jitorecieuc 35 
16,13%; ratoTrenuH nipex 15,269 
rJOTeHHH  #MHOroOJleTHeH NIWWeHHD 
M-2 16,25%. 

BpicaJIMBaHHe YJNOTeIHHOB TpoB 
JMJIOCb TAK Ke, KAaK 3TO ObIIO ONNCAal 
JIA TUIMaMHOB, 3a MCKJIOUeHHeM TOF 
UTO B KaueCTBe BLICAIHBaTeIA Obl BS: 
Puc. 1. Kpupbie Bblcamupanua rmorenuHa 50% of HaCbIMLeHHA pacTBOp cepH 


M3 sepHa MHoroneTHelt mmennust M-2(J)4 yycnoro a 0 
nmenuupt Jiiotecueuc 329 (2) u mpousBoHEIe MMOHHS B 0,2% pacTBO 


KPHBBIX BbICamHBaHHaA (1’ u 2’) aMMHaka. 
Ha pune. 1 wu 2 npeycTaBneHpt Kp 
Bble BbICAJIMBaHHA TipenapaTos FloTed 
HOB H3Y4aeMbIX (OPM 3/1aKOB B 3aBHCMMOCTH OT HacpIleHHaA (NH,),SO,. Kp 
Bble CTPOWJIM Ha OCHOBaHHH 30, a B CyYae roTeIMHa piper — 40 Touexk c 
TepBaslaMH Mexjly HuMH B 1% OT HacbILeHUA. 
B oTumune OT albOYMHHOB HM PO6yJMHOB, KOTOPbIe HAYMHAIOT BbICAHBAaTb 
B MOMOOHBIX yCJIOBHAX OKOMO ~ 30—40% HacbIIleHuA CepHOKHCIbIM AMMOHHE 
KPHBbIe BbICAIMBAaHHA TVIOTeJIMHOB OOHAPyKMBaIOT HavOo/bUee CXOCTBO 
KPHBOH BbICAIMBAaHHA TviMayquna, CMMpTOpacTBOpuMoro GenKa s3saKoB. JI. 
NOcNeqHuX ByX OIKOB XapaKTepPHO TO, YTO OHH HaNHHAIOT BbICAIMBATECA Y? 
MIpH MaJIbIX KOHMCHTPallMAX COJIM, LaxKe MP TOM BEICOKOM 3HayeHUH PH (pH 1 
KoTOpoe JaeT pactBop 0,2% NH,OH. Ho B To Bpemal Kak B culyyae rinaguna o 
TeX 3Ke YCJIOBHAX BbICAJIMBaHHA MPH HaCbIeHHH CePHOKHCILIM AMMOHHeEM 
1% BbinalaeT 43 pacTBopa yxKe npHOmusHTeIbHO 20% PpacTBOpeHHOro 6euk 
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TIHOTeIMH HauMHaeT BEICAIMBaTbCA TOMbKO mpH 1—3% CepHOKHCJIOrO AMMOHKS. 
cpeze. 

I]pu sTom rimaquH Halleo BbICamuBaeTCH M3 pacTBopa mpu 12—14% or Ha- 
CbINeEHHA, a KPHBad BbICAIMBaHHA [NOTeHHA MpPOOMKAeTCH SHATUTeJIbHO- 
Tasbule: WIA NOTHOTO BHICAIMBAaHUA POTeMHa mMeHHUb! JlioreceHc 329 Ham 
MoTpeOoBwanocb 25 % OT HacbIIIeHHA CepHOKUCJIOrO AMMOHHA B pacTBOpe, B Culyuae 
MHOroJleTHeH mmeHHuUb! M-2 26 u 29% B 3aBHCUMOCTH OT KOHIeHTpalluu Oelka, 
wB3ATON B ONbITaX, H 36% AA roTaIMHa MbIpes. 

BocnpousBoxumocrb pe3yJIbTAaTOB MH CXOJMHMOCTb MapaJVIeIbHbIX MOKA3bIBa- 
T, UTO JaHHbIe YCJIOBMA BbICAIMBaHHA MPHMeHHMbI VIA TJMOTeEJIMHOB 3J1aKOB. 
aCKOJIbKO XOPOLIO NOBTOpsAeT- 


eben 
CA XapakTep KPHBEIX, BUZHO ay Breas 
M3 CpaBHeHHA KPHBbIX BbICa- se gs 
JIMBaHHA YTvOTeIMHa MHOrO- 5) HON 


WleTHeH mmenuyn M-2, npex- 
(CTaBJICHHBIX Ha puc. lu 2, /, 
HeECMOTPA Ha TO, YTO OHH NOWy- 
\4eHbI B Pa3sJIHUHOe BPeMA UH C 
‘pasJIMUHbIMH KOHICHTpalluaAMu 
OeKa. 

IlpenapaTpl Tpex BbiJeseH- Jas Aveta! ae [\ Pon 
HbIX HaMH OeJIKOB pa3sHuaroTCA 4 86 2% 2 ae eB WD B% 
KOJIHYeCTBOM TPYAHOBbICaJIH- Borcanubamens ——»~ 
BaeMbIX (PpakuHHh. B oTsHuNeE OT 
ruiroTreHuna mmenuupb Jirtrec- Puc. 2. Kpupzre BbICAIMBaHHA PIOTeIHHa 43 3epHa’ 
'tenc 329, mpenapat Geka u3 muons sae miuennupt M-2 (/) wu mpipea (Agropyrum: 
| MHoromeTHet nuenuunt M-2 ume- glaucum) (2) u FRE ay KPHBbIX BbICAIHBaHHA 
(eT HeOOMbILyIO JONOHUTEIb- 
| Hy!o Ppakuun, BHICAIMBaIOWlyIocsd Moce 25% OT HaCbILMeHHUA H COCTABJAIOULYIO 
| 3,4% oT Bcero mpenapata 6e1ka. B cBolo Ovepesb TIOTeIMH MbIpPesd COLepXAHT, 
|| KpoMe Toro, elle Oovlee TPYAHOBbICaIUBalollveca (bpakIHH, KONMYeCTBO KOTO- 
| pbIX OT Bcero BbICaHBalolleroca Geka coctaBasneT 19%. Ho B ocHOBHOM cBoel 
| "aCTH KPHBBIe BbICaIMBaHHA (/ u 2) Ha puc. | u 2 U, B OCOOeHHOCTH, HX MpoHs- 
| Boguple (/’, 2") @akTHYeCKH aHaJIOPMYHbI 10 POpMe, YTO CITYKUT LOKAasaTeJbCT- 
| BOM OTCYTCTBHA OOJbLIHX PasJIHUHH B MOBEPXHOCTHBIX CBOHCTBAX MOJIEKYJI TVItO- 
| TeHuHa nuleHuub JltoTecuenc 329, ratoTemuHa mpipes Agropyrum glaucum u 
| MMWeHHYHO-MbIpetHoro rHOpHya MHOrovleTHeM mueHHUbI M-2. 


Cbemopacceanue ——» 


Inapupii OoTaHvueckHh cay Tlocrynuso 
AkajleMuH Hayk CCCP 19 III 1959 


HWMTHPOBAHHAA JIMTEPATYPA 


1H. B. Luununa, Organennaa ru6puszusauua pacrenui, M., 1954. 2 H. B. 3enmen- 
| ckKu aH, Mequunpiit xypu., 23,8.6,18(1953). ° B. JI. Kpetospus, A. A. Byuueus 
WM ap., COopxH. Buoxumua 3epua, Ne 3, 5 (1956). *H. A. Poauouosa, JAH, 114, Nol 

158 (1957). © B. JI. Kpetrosuy, T. HW. CMupuosa, M. K. Beinosa, COopx. 
| Buoxumus sepna, Ne 4, 5 (1958). ® T. B. Osborne, The Proteins of the Wheat Kernels, 
Washington, 1907. 
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Noxrnxayp AKkagemunu nayr CCCP 
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MHKPOBHOJIOLHA 
JI. A. TAJIAHHHA u I. A. ATATOB 


BJIMSHWE HEKOTOPbIX XAMMYECKUX COEAMHEHMH 
HA OBPA3OBAHHE CTPEMNTOMHILMHA WITAMMOM JIC-4 
ACTINOMYCES STREPTOMYCINI 


(IT pedcmaeaeno axademuxom B. H. Mlanowrnuxoeom 2 IV 1959) 


Ja MpOMbIMWIeHHOrO NOJYYeHHA AHTHOMOTHKOB IWMpokoe MpHMeHeHHe M0- 
JIYYHJIH KOMIVJICKCHBIe CpeJbl, HMEIOWLHe B CBOeM COCTAaBe CJIOXKHbIe OPraHHyeckHe 
BellecTBa. Tak, MpOH3BONCTBO CTPelTOMHHHa B HacTOmulee BPeCMA BeeTCA C 
HCMOb3OBaHHeM COeBOH MYKH. OHaKO JIA JleTaJIbHOrO H3yYeHHA MpOleccoB 
OOMeHa BeleCTB MpOMYUeHTa, a TAaKIKe MPOWeCCOB, BCKPbIBaIOWLMX MeXaHH3M 
oOpa30BaHHA aHTHOMOTHKa, Take cpelbI Henpurogupl. Jai 9THX WemeH HeEOOXo- 
JKUMbI CpebI CO CTPOrO ONPeeJICHHbIM, HECJIOMKHbIM UH JI€ETKO BOCIMPOH3BOAMMbIM 
cocTaBOM, cojlep»xKalllve XHMHYeCKH HHAMBHAyaJIbHble coequHeHuA. TakMMu cpe- 
aM ABJIAIOTCA CpeAbI CHHTETHUECKHE. 

B smutTepatype uMeetTca px paOoTt no noxOopy CHHTeTHYeCKOH cpeAbl IA 
mpolylenta crpentomuunua Act. streptomycini, 4 B YaCTHOCTH JIA eFO BbICOKO- 
MpOAYKTHBHOFO MpOMbIlIeHHOrO wiTaMMa JIC-1 (+). OqHako B CpaBHeHHH C Mpo- 
H3BOJCTBCHHbIMH Pe€KOMeH]yeMble CHHTeTHYeCKHe Cpesbl Avia wiTamMa JIC-1 Mma- 
JIO 9SPeCKTHBHBI: BLIXO, AaHTHOWOTHKAa OCTaeTCA Ha JOBOJIbHO HH3KOM YPOBHE. 
TlosTtoMy JaHHbIt BOMpoOc HeJIb3A CUMTATb PaspellleHHbIM. 

M3 murepatTypbl u3BecTHO (*), 4TO eCJIH B persaMeHTHOH cpefe Aa Act. 
streptomycini miramMos 3 u B-178 3aMeHuTb KyKyYPY3HbIM 9KCTPakT HEKOTOPbIMH 
BeLCCTBAMH, B HeErO BXOJAMLMMH (HHO3HT, MOJIOUHAN KUCJIOTAa, COJIM ILMHKa, Map- 
Pana, *eslesa), a ero a30TCOepxKallive BellleCTBa — OCHOBHbIMH AaMHHOKUCJIO- 
TaMH (aprHHuH, THCTHAMH, JIM3HH), TO 3TH WITAMMbI AKTHHOMMIeTa XOPOLIO pa- 
CTYT H MpOLyYUMpyioT CTpenTOMUILMH. 

pousBeeHHad HaMH MpoOBepKa MPHFOAHOCTH BbILMeyKa3aHHOH CHHTeTHYe- 
CKOM cpefbl WIA KybTHBUpoBaHua Act. streptomycini wiramma JIC-1 noKa3a- 
Jia, YTO Ha STO Cpese OH caO0 pasBUBaeTCA U Ca6O MpOLyuupyeT CTPenTOMH- 
1HH. Mbl peuiMJIH HCXOAUTb W3 APYyrHX CHHTeTHYeCKHX Cpe, OMMCAHHBIX B JINTE- 
paType Ia Wpolyiweuta crpentomuuuna: I. Cpega Cepepun (1): raroKo3sa 2%; 
(NHa)2SOa 0,4%; Momounas Kucstota 0,6%; NasCOs-10H20 1% (unm 6e3Bo,HETI 
NazCOs 0,35%); KH2POs 0,05%; NaCl 0,2%; FeSOs-7H2O 0,005%; MnSOa- 
-7H20 0,005 %; MgSOa-7H2O 0,01 %; ZnSO4-7H2O 0,001%. II. Cpena epry- 
cona (°): WexctpHH 0,5%; rmoKo3a 4%; MomouHOKHCIBI amMMonult 0,3%; Mo- 
yepuHa 0,05%; NHaNOs 0,75%; KHePOs 0,05%; CaCOs 0,5%; MgSOz-7H20 
0,025%; ZnSOs-7H2O 0,004%; FeSOz-7H20 0,0013%. 

Hamu ObluIM MOJHOCTbIO BOCIPOH3BeLeHbI OMbITHI STHX ABTOPOB, T. €. MOCeB- 
HOM MaTepHaJl [IX OMbITOB BbIPAalMBaIcA Ha KOMIWIeCKCHOM cpele — Mpon“sBo- 
CTBeEHHOH Cpese c coeBol MyKol. [locle mpoBepkKn BbIIMeyKasaHHbIxX Cpe, OKa3a- 
JIOCb, TO HanOoslee OarONpHATHON MIA pasBUTHA wiTramMMa JIC-1 u cuHTe3sa uM 
aHTHOMOTHKA ABJIAeTCA cpena Deprycova, Ha OCHOBaHHH Uero OHA HM Oba B3ATA 
HaMH 3a OCHOBY BO BCex MOCJIeAYIOMMX OMbITax. OfHakO MblCUHTaeM, YTO TIPOH3- 
BOAUTh BbIPallMBaHHe MOCeBHOTO MaTepHasla Ha KOMIVJIEKCHOM cpefe u mMepeHo- 
CHTb e€fO 3aTeM Ha HccJeqyeMy!oO CHHTeTHYeCKYIO Cpely He COBCeM MpaBHJIbHO. 
Bo-llepBbIX, B 9TOM CJIy4ae Mbl NPOH3BOXMM BbIPallMBaHue NOCeBHOrO MaTepHasa 
Ha HeONPeeIeCHHbIX H HECTAOWJIbHBIX BeILECTBAX, a BO-BTOPbIX, MPH mepeHece- 
HMM TOTOBOFO NOCeBHOrO MaTepHasla B OMbIT Mbl BHOCHM B CHHTETHYECKyIO Cpesy 
HeKOTOPOe, XOTA HM HEOOJbUIOe, KOJMYECTBO STHX HEOMPENCJCHHBIX BeLLECTB, Ha- 
pylllad TEM CaMBbIM ee CTaHJapTHocTb. Mcxoga u3 sTOrO, MbIl NPOBOAMIN BEIPAalH- 
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aHHe MOCeBHOrO MaTepHasla Ha TOM *%Ke CaMOli cpefe, Ha KOTOPOM 3aTeM MpoBo- 
AIM WM OMIT. 

Tak KaK €MHHOKHCJOTHI, 10-BHHMOMY, OlarOnpHATHO BJIHAIOT Ha pasBHTHe 
|KTHHOMULeTa, TO MbI K cpegze Meprycona pewlMAH MpHOAaBATS aMMHOKHCAOTHI 
{3 pacueTa CoJjepxKaHuA UX as0Ta B Cpeye, paBHoro 0,02%. O6uree comep2xaHHe 
(30Ta B Cpejle ypaBHHBaOCb 10 HCXOHOH cpefze Meprycona. Ilostomy yBemuue- 
‘ue oOulero as0Ta Cpebl 3a CYeT BHECEHHA AMMHOKUCJIOT KOMMeCHCHPOBaJIOCb 
4AMCHOH MOJIOUHOKHCJIOrO AMMOHHS MOMOUHOKUCJIBIM HaTpHeM. PesypTaTbi OMbl- 
10B IIPHBeeHbI B TAO. |. 

Ta6Omuna 1 


1} 
}ansnine AMHHOKHCJIOT, MHOSHTAa, MeTHOHHHA u BUTaMHHa By na pocr Act. streptomycini 
| tutamma JIC-4 oOpasoBanle HM CTpentomMMIlMHa 


3 CYTKH ‘ 4 cyTKu 5 cyTKu 6 cyTKH 7 cyTKH 
1 5 i 1 S any ve = ' S = ' & ea 
; ess = = <= se a 
| Seb pas ESE So| = Zo| 5 So| 5 
| Cpena of = oe st oS s os s oS = 
| pH] 335 pH) Sayeed eel 2 | 2 Vr See om eee 
| 2] 6 ee 2) 6 a) 6 A 
| Sy 5 30. he Ese ae wT eg = | & 
) Of] O85 Ors} @'s oO. o5 om o5 Sr shone 
| Se] oS | ee See poles ae | oe 
| Spl ASS On], OF Oleh ieee OG Nowe on} 5S 
| AMHUHOKUCAOTH 
foepax (KOHTpomb) |6,53| — 872 |7,48] — | 2372 {7,944 — | 1660 
weprycoua 7,83) 255 | — |7,29| 330 | 4134 16,94; 280] 4159 |7,17) 205 | 294; — | — _— 
veprycoua -+ aya- 
| HHH 7,90) 482 | — 17,34] 530] 3874 16,99} 527] 540 |7,08} 5145 | 1020; —| — _ 
i: ae + oc- 
| HOBHBIe aMHHO- 
) KHCJIOTEI 7,21) 555 | 949 17,00} 565 | 1212 16,90} 612 | 1652 |6,98] 532) 1972 | — | — _ 
MuHosuUutnr 
Ib (KOHTpomb) |6,51, — 1066 |7,94 — 1312 |8,16; — | 2448 (8,48; — 944 | —|—- — 
Hee eee + 
+ OCHOBHbIe€ aMH- 
| HOKHCHOTEI —|; — — |7,57| 430 800 |7,46}. 527 | 960 |7,38) 465 | 1492} —| — — 
pmernueckas + 
;+-OCHOBHbI€ aMH- 
| HOKHCJIOTHI H | 
| MHO3HT —|— — |7,44| 470 | 746 17,38] 535 | 1404 |7,33} 465 | 2164 | — | — — 
| MeTHOHHH H BUTAMUH By 
{MH TeTHUeCKaA —{| — — |7,29} 620 | 1228 [6,98] 650 | 1768 [7,24] 607 | 1888 [7,89 — { 2432 
We ecckas + 
1 mMeruoHvH os — — |7,17) 662 | 1660 |7,27) 705 | 1480 |7,77| 532 | 1892 |7,64) — | 2032 
JMHTeTHYeCKaA -- 
+ BuTaMuH By —/} — — {7,36} 610 | 896 '7,34| 692 | 1164 |7,26} 570 | 2616 |7,99} — | 2300 
AuuTeTHYeCcKaa + 
|, -+ MeTHOHHH H | ws 
|BuTaMuH Bye —| — — |7,24| 705 } 1800 |6,96] 720 | 1600 17,44) 575 | 2960 |7,76| — | 2932 


| M3 aHHpix TaO. 1 BuAHO, UTO Ha cpeze Meprycona XOTA uM HaOMIOAaeTcA He- 
JOTOPbIM pocT Mullentua Act. streptomycini, HO OOpasoBaHHve CTpenTOMHILMHAa 
‘ueHb cyla6o. Jlo6aBKa Ke K YKa3aHHOW cpesle AMMHOKHCJIOT JOBOJIbHO 3HaudH- 
eIbHO CTHMYJIMpyeT Kak POCT MHLUeJMA, TAK HW OOpasoBaHHe HM aHTHOHOTHKA. 
ie 3TOM MOHO@MHHOKHCJIOTAa (aJiaHHH) H OCHOBHbI€ AMHHOKHCJIOTHI (aprvHHH, 
MCTHIMH, JIM3HH), OKa3bIBad MPHMepHO OHHAKOBOe BJIMAHMe Ha POCT AKTHHO- 
julleTa, 10-pa3HOMy CTHMYJIMpyloT OOpasoBaHue crpenTomulnna. Tak, Makcu- 
{aJlbHad aKTHBHOCTb KyibTypbi Act. streptomycini, BbipalljeHHOH Ha cpeje c 
ICHOBHBIMH AMMHOKHMCOTaMH, cocTaBsama 80% MaKCHMaJIbHOM AKTHBHOCTH B 
\OHTpOJe, Aa MAKCHMaJIbHadA AKTHBHOCTb KYJIbTYPbI, BbIPaleHHOM Ha Cpese Cc MO- 
OaMMHOKHCJIOTON avJlaHHHOM, Oba HAMHOFO HHOKe, COCTABJIAA BCero WHIIb 45 % 

MaKCHMaJIbHOH AKTHBHOCTH KOHTPOUJIA. 

ToT WHTepecHbIli (akT, UTO B3ATAA HAMM 3a OCHOBy cpesa Meprycona B CBOeM 
WHepasIbHOM COCTaBe COJepXKUT HE TOJIbKO BOCCTAHOBJICHHYIO, HO HW OKHCJIeH- 
yro (bopmpr agora (NH4NOs), nocTaBusl mepe HaMH BOMpOC, Kaky!O POJb B 
polecce CTPeNTOMMILMHOOOpas0BaHHA MrpaeT OKUCIeHHad (bopMa asorta. Onbi- 
1 C 3€M€HOM a30THOKHCIOFO AMMOHHA B Cpeye PeprycoHa C OCHOBHLIMA aMHHO- 
UCOTAMM SKBUBAJICHTHBIM TO AMMOHHMHOMY a30TY KOJIMYeCTBOM CepHOKHCJIOrO 
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aMMOHHA MoKa3aviM, YTO OKMCJIeHHad (hopMa a30Ta, NO BCe€H BePpOATHOCTH, HE 
BIMAeT HM Ha pocT mposyueHTa, HH Ha efO CMOCOOHOCTh K OOpasoBaHHid: 
AaHTHOHOTHKa, B CBA3H C YeM BO BCeX NOCJeAYIOWUX UCCMeOBAaHHAX a3OTHO- 
KUCJIbIM AMMOHHH cpelbr DeprycoHa OblI 3aMeHeEH CePHOKHCJIbIM AMMOHHEM. 

Ucxoa u3 CTPYKTYPbI MOJeKYJIbI CTPeENTOMHILMHAa, MbI OCTAHOBHJIM CBOe BHH— 
MaHuve Ha Ape ero crpenTHyqMHOBOM yacTH — uHOsHTe. MHO3HT HHTepeceH ele 
4 TCM, UTO ABJIACTCA BEULECTBOM, CHJIbHO BJIMAIOULHM Ha PasBHTHe OPraHH3MOB 
soooue (7). [lostomy HaMH ObwWIH MPOBeeCHbI ONbITbI MO KyJIBTHBUPOBaHHto IWITaM- 
ma JIC-1 Ha BplmenpuBeyeHHOM CHHTeETHYeCKOH Cpesle C OCHOBHbIMH AMHHOKHCJIO-! 
TaMM HM HHO3HTOM. 

VUno3ur 6b B3aAT B KomMUecTBe 10 mr Ha 100 Ma cpegnl. PesyIbTaTb! STOO: 
HCCeqOBaHHA NpHBeeHb! B TaG. 1, 43 KOTOPOH BUAHO, 4TO 1) MOOaBKa kK cpeye 
HHOSHTA, He BJIMAA Ha POCT aKTHHOMULUeTa, 3HAYHTeIbHO YBeJMYHBAaeT BbIXOL, 
cTpenToMulnHa (B cpeqHem Ha 40—45%) uw 2) aKTHBHOCT Ha STON Cpeme paBHa 
AKTMBHOCTH Ha IPOM3BOACTBeEHHOH coeBolt cpeye. Takum oOpasoM, HaMH Oba 
nmoqoOpana CHHTeTHYeCKad cpela Qua witamma JIC-1 Act. streptomycini, paB- 
HOWeHHAA COCBOH NO BbIXOLyY aHTHOMOTHKa. | 

He Menee HHTeEPeCHBIMH MpeACTaBJIAIOTCA H METHJIbHbIe Fpynnbl cTpenToOuos- 
AMHMHHOMi YacTH MOVIeKyJIbI CTpenToMHuLNHa. M3 uTepaTypbl H3BeCTHO, UTO OLHHM 
M3 JOHATOPOB MeTHJIbHbIX Py B OPraHH3Me ABJIAeTCA MeTHOHHH. Kpome Toro, 
eCTb yYKa3aHHA, YTO BHTAMHH Bis CTHMYJIMpyeT B OpraHH3me Mpollecc MeTHIHpO- 
BaHHA (*). 

Vcxoqa 3 BbILMeH3JIOX%KeHHOTO, MbI MPOBEJIM OMbITbI! NO KyJIbTHBHPOBaHHhle 
wtTamma JIC-1 Ha cuHTeTHYeCKON cpese, CcosepxKaljeH B CBOeM COcTaBe elle Me- 
THOHHH HW BUTaMHuH Bis. MerHuouHH oOaBaAcaA B KOMMYUecTBe 10 Mr, BHTAMHH 
Biz 0,5 y Ha 100 ma cpegpl. J[aHHple 9TOrO UCCeLOBaHHA NpHBeeHbI B TAO. 1, 
M3 KOTOPOH BHJHO, UTO MCTHOHHH H BHTAMHH Bie, B3ATbIC B OTCNbHOCTH HH 
BMECTE, €CJIH H BJIMAIOT Ha HaKOMJIeHHe OMOMACCHI MHUeIHA, TO HESHAUHTEJIbHO. 
Myoe UX BIIMAHMe Ha Tpolecc cTpenTOMHWHHOOOpasoBaHHA. B TO BpeMA KaK 
OJMH Me€THOHHH He BJIMACT Ha HHTCHCHBHOCTb CHHTe€3a CTPeENTOMHIMHA B MUIe- 
JIMH TIpodyleHta, BUTaMHH Biz, NO-BHAMMOMY, ero CTHMYJINpPyeT, BCJIEJICTBHe 4e- 
rO BbIXOJ CTPpenTOMUIHHa MoBbliaetcx. Emme Oojee WHHTCHCHBHO MpOMCXOLHT 
o6pa30BaHHe CTPeNTOMHIHHa B MHLUeMH MpoOLyueHTa Mpu KYJIbTHBUPOBaHHH 
ero Ha CHHTeTHYECKOH Cpefle, cosepxalleH H MCTHOHHH, H BHTAMHH Biz BMECTE. 

OTH pesyJIbTaTbl AaloT HAM MpaBo MmpesnosMaraTb, YTO OJHHM H3 MOMEHTOB, 
JIMMUTHPYIOWNX OOpasoBaHHe CTPeNTOMHUHHA B MHIeHH AKTHHOMMIeTAa, AB- 
AACTCA MPOWecc METHJIMPOBaHHA, KOTOPHIN, MO BCel BEPOATHOCTH, CTHMYJIMpyer- 
ca WOOaBKOM BUTaMHHa Bie. Kpome Toro, HCTOUHHK MeTHJIbHbIX PPyNN B MHIeJIHE 
aKTHHOMHLUeTa, M0-BHJHMOMY, OrpaHH4eH — BOT MOUeMY BHeCeHHe B CHHTeTH- 
yecKy!0 Cpey MeTHOHHHA B KayeCTBe JOHATOPa METHJIbHbIX TPyMM aeT BOB- 
MOXKHOCTb IIPOABHTLCA Ooslee SspeKTHBHO BUTaMHHY Biz Kak CTHMYJATOPY po: 
iecca MeTHJIMpOBaHHaA. 

Ha OCHOBaHHH MIPOBeJCHHbIX OMbITOB MOMKHO CeMaTb CJeAYIOULWe BBIBOLBI 

1. HogoOpana cuntrermueckas cpegza Aa wramma JIC-1 Act. streptomycini 
faiollad B JlaOOpaTOPHbIX ONbITaX BbIXO] CTPENTOMHIUNHA BbIUe, YeM Ha cpene 
¢ coeBOH MyKOH. 

2. BbiicHeHO, 4YTO OCHOBHbI€E AMHHOKHCJIOTH, HHOSHT H BHTaMuH Bis coB 
MeCTHO C M€THOHHHOM SIBJIAIOTCA BeUeCTBAMH, CTHMYJIMPYIOULHMH oOOpasoBaHHt 
CTpenTOMHIHHa B Mule Act. streptomycini mramma JIC-1. 


| 


VMuctuTyT MHkpo6vosornu Tocerynusio 
AkajleMuw HaykK CCCP 30 III 1959 


UMTHPOBAHHAA JIUNTEPATYPA 
1B. A. Cepepun, C.B. Topekas, Anta6vomxn, 2, 26(1957). 2B. JI. Kpe 
TOBH4, OcHosbl 6HoxumMuu pactenul, M., 1952. 3 B. H. Wanomuuxos, I. A 
Aratos, T. Bb. Kasauckaa, HW. I. Sksepnesna, AntnOvoruxn, ps. 14,99 
eae ee iD). Rs A Proc. Koninkl. nederl. akad. wet., 57, 108 (1954) 
; : Qt oul som Sed tee Nalotieciniges lle Wee iD dl SSO ins vAyajalls fen iol. 
389 (1957) g pp crobiol., 5 
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Hoknage Akanemun wayx CCCP 
1959. Tom 127, Ni 2 


BHOPHSHKA 


E. M. BEJIABLIEBA 


TIPEMOTBPAWIEHHE M3MEHEHHM BHOJIOTHYECKUX OBDbBEKTOB, 
BbISBAHHbIX HATPEBOM B TIPOLWECCE HCCJIEROBAHHSA 
B QJIEKTPOHHOM MHKPOCKOITIE 


OOO EEE akxademuxom A. JI. K ypcanose.m 23 IIT 1959) 


CoppemMeHHbIe 9J1eKTPOHHI MUKPOCKOTIbI Tpe6yior JOCTaTOUHO BBICOKOH MOT- 

OCTH TOKa Ha OOBEKTE WIA NOMYYCHHA HOPMAaJIbHOH APKOCTH KOHeUHOrO 4306- 
aKeHHA C OOJIbIIMM YBeIMYCHHeM. OTO MPHBOMUT K CHJIbHOMy HarpeBaHHto 
ObeKTa B Mmpolecce uccieqoBaHua. PacueT TemnepaTypbl OObeKTa, NPOBeAeHHbIH 
oppuicom Hu I vasepom (1), a TakxKe ApyrumMu aBropamu (?, °), moKa3aa, 4TO B 
THCIbHbIX CJLyYaAX OObEKT MOKET HarPeTbCH MO HECKObKUX COT rpasycos. 
IKCHEPHMeHTaJIbHble JaHHble, MOJYYCHHbIe C MOMOMLbIO HaMbIIeHHOM TepMOMapbI 
(7), TaKXKe CBUJETEIbCTBYIOT O JOCTATOUHO BLICOKOH TeMMepaType OObeKTA, HC- 
‘culeyeMOroO B 3JIEKTPOHHOM MHKpocKkone. HarpeBaHve OObeKTA YaCTO MPHBOLUT 
K CHJIbBHOMY H3MeHeHHIO efO, YTO perucTpupyeTca TiaBHbIM OOPa3s0M MO 3JIeKT- 
POHOMHKPOCKOMMYeCKHM KapTHHaM MH 3JIeKTPOHOrpamMam (5). 
_ [lonusuTp Temnepatypy 2IeKTpPOHOMHKpockomMyecKOroO OObeKTA B nporecce 
‘cCuIeOBaHHA yaeTCA C MOMOLIbIO pasJIMUHbIX NpNcnocoGjeHuH: cnelwasbHou 
KaMepbl C OXJIaxKICHHeM, 3allHTHOH uadparMbl Hajl OObEKTOM, OCBeTHTeIA C 
JIBOMHbIM KOHJeHCOpoM. 

IIpu uccaeqoBaHuu OMOJIOrH4eCKHX OOBEKTOB B IICKTPOHHOM MUKpocKore 
‘HeOOXOJHMO YU4HTHIBATh TaK2%Ke MOHMSHPyiollee JelcTBue 2eKTPOHHOFO Ty4uKa, 
TaK KaK M3BeCTHO, 4TO PalHalHOHHbIM sddeKT /ICKTPOHOB OOYCJIOBJIMBaeT H3- 
MeHeHHe PxJa CBOHCTB BbICOKOMOJICKYJIAPHbIX CoeqNHeHHH. Hanpumep, novw- 
9TUJIECH, OOJIYYCHHbIN JJICEKTPOHAMH OOJIbINHX DHEPrHl, MepeXOANT B HepacTBO- 
puMoe, HensaBKoe coctosHue (°). [lepexoq TepmMouyBcTBUTesbHBIX! OnvonorMue- 
CKHX OOBEKTOB B HeMJaBKOe COCTOAHHE B 3JICEKTPOHHOM MUKPOCKOTIe MOXKeT 
MOSBOJIHTb UCCJI€OBaTb UX MPH OO/MbIWOM MIOTHOCTH TOKa O6e3 MpHMeHeHUA cre- 
IMaJIbHbIX MpHcMocoOeHHH, yMeHbWaloulMx HarpeB oOOpa3ua. Ilostomy mper- 
CTABJIAeT HHTePeC HCCJEAOBAaTb BJIMAHHE OOJYYeEHHA QJIEKTPOHAMH B SJICKTPOH- 
HOM MHMKPockone Ha MWaBKOCTb IIPHpOAHbIX OpraHHyecKHX coesqHHeHHH. 

Hamu Obl BbIOpaHbI Clekyroulue OObeKTHI: XMOpomnmacTE! Bellis perennis, 
-KpHcTaJibt xopopussa a + b, B-KapoTuHa, rpamuuuguna C, Jes3amunorpaMu- 
IMMHAa, KOJOMAHbIK xopoduss a + b npu pH 8,6. Ipuroropmenue npenapa- 
TOB xsoponsacTos Bellis perennis, xsopopuaaa a + b, rpamuuugzuna C npoxs- 
‘BOAMIOCh MeTOJaMH, OmMcaHHEIMM panee (7,*). [Ipenapatst B-Kapotuna u Jes- 
aMHMorpaMmnuyuna ObWIM MOJYUYeHbI COOTBETCTBEHHO U3 SPHpHOrO UM CHUPTO- 
BOrO pacTBOpa 3THX BelllecTB. BsIHAHHe HarpeBa Ha CTPYKTYPY JaHHbIX BellecTB 
“usy¥aslocb MO 9IeCKTPOHOMUKPOCKONMYeCKHM KapTHHaM OObEKTOB, MpOrpeTHix 
'B BaKyyMe IIpH ompeseseHHOH TemmepaType B HHTepBase 30—300°. 

OIEKTPOHOMUKPOCcKonMYecKoe UccsIeoBaHHve XJOponsactos Bellis perennis, 
xsopodusma a + b, B-kapoTuHa, rpamuluyuna C uw JesaMMHOrpaMulluyuHa N0- 
Ka3aJl0, UTO IporpeBaHve OOEKTOB B BaAKYYME BbISbLIBAeT CTPYKTYPHbIe H3MeHe- 
HMA UX, IPM4eM YYBCTBHTeJIbHOCTb JAHHbIX OObEKTOB K TEPMHYeECKOMY BO3JeH- 
CTBMIO pa3iHuHa. HawmMeHee yCTOHUMBbIM ABJIAeCTCA XJOPOUMN: H3MeHeEHHe 
‘9JIEKTPOHOMHKpockomMyuecKO| KapTHHb! XwNOpodusa HaOOsaeTcA ye MPH 
HarpeBanuu MperapaTos mp 60—70°. OnmaBjaeHve KpHCTaJJI0B B-Kapotuna 
mpoucxogzur oxono 170°, rpamunuyusa u esaMuHOrpaMuluiuna okouio 270°. 
Y xmopommactos, mporpeTHx mp 250—300°, umeer MecTo omlaBsieHve MIOTHEIX 
yuacTKoB (puc. 16). 


Vina KapTuna HaOmoqalach Ip HarpeBaHH JaHHbIX OObCKTOB B 3JIeKTPOH- 
HOM MUKpockKone BCJelcTBHe OOYYeHHA HX SeKTPOHaMU. Bpwio 3aMeueHO, YTO” 
IIpH IIOTHOCTH TOKa Ha OGbeKTe j = 1-10~? a/cm? m BbIllIe He MpOwCXOLNT ON- 
JaBJICHHA KPHCTAaJIOB HW KOJWIOHJHbIX YaCTHIL TEPMOYYBCTBHTCbHOrO XJOPO- 
(busila, B TO BPeMA Kak KPHCTaJIbl KaPOTHHA, We3aMMHOrpaMulnuHa HW PpaMi- 
IMINHa, OTHOCHTeEIbHO YCTOMUMBbIE K HarpeBaHUIO, MlaBATCA. OTO ABJIEHHe Ha- 
61lOaeTCH HE3ABMCHMO OT TOJILAHHbI OObEKTA. 

Ecuiv Ke JaHHble OObeKTHI ObWIH NpeABapUTeJIbHO OOIYYeHbI IIEKTPOHAMH Ma-~ 
JOH HHTCHCHBHOCTH B TeyeHHe 3—D MHH., TO NPM abHeHMIeM UCCTeOBaHuU 
UX IPH AOCTaATOUHO BHICOKOM MJIOTHOCTH TOKa Ha OObEKTE He MPOHCXOAUT KaKUX- 
J1HO0 H3MeHeHHH UX POPMbI, pasMepa (puc. 26). 

JA BbISCHeEHHA STOO ABJICHHA JaHHble OOLEKTHI, OOJYYeHHbIe B TeYeHHe 
5 MMH. 9/ICKTpOHaMH Maou uHTeHCHBHOcTH (j = 1-104 a/cm”), ObimM MporpeTbt 
B BaKYYMHOM MeuH MpH TeMnepatType 350° u 3aTeM UCCJIeAOBaHbl B 3JIEKTPOHHOM 
mMukpockone. Kak nokKa3aJiM 3JIeKTpOHHbIe MUKPOoTorpaduu, CHJIbHbIM Mpo- 
rpeB [peBapHTeIbHO OOJIYYCHHbIX XJOPOMMACTOB, KPHCTaJJIOB XMOpomusmsa, 
KapOTuHa, rpaMHsuHna, e3aMHHOrpaMHUANHa MW KOJVJIOMMHIX YaCTHIL XJOpo- 
(pula He BbISbIBAeT KaKHX-JIHOO H3MeCHCHHH WX (OPMbI, pasMepa, TOVJILIHHBI. 
Ha puc. | @ mpegcraBiena muKpodotorpadua xoponsacta Bellis perennis, 
mpenapaTbl KOTOPbIX Obl MporpeTb B BakyyMe pH 350° noce npesBapHTeub- 
HOrO OOJIYYeHHA UX BIeKTPOHAMH. OueBHHO, TaHHble OOBEKTHI NOX AelcTBHeM 
3JIEKTPOHOB B Iipolecce McceOBaHHA NMepeXOAAT B HeMaBKOe COCTOAHHe. 
IIpoucxoquT cBoeoOpa3Han «3IeEKTPOHHaA (PUKCaWHA» OHOJOPHYeCKHX OOBEKTOB: 
B 3JI@KTPOHHOM MMKpockone. 

Heo6xouMoO OTMeETHTb, 4TO MPH MOCTOAHHOM HMHTeCHCMBHOCTH OOJyueHHA 
JWIA WaHHbIX OOLEKTOB TpeOyeTCA pa3sJIH4HOe BPeMA DIA MepexOfla HX B HeNMaB- 
Koe coctosHve. M3mMeHeHue MIaBKOCTH HaCTyMaeT 3HAYHTEJIbHO ObIcTpee B MJIOT- 
HbIX YUaCTKaX XJIOPOMMAaCTOB, a TaKxKe Y KPHCTAaJJIOB HU KOJJOMAHbIX 4YaCTHIL 
xJopodusisia, eM Y KPHCTaJWJIOB TpaMHUWAMHa, Ae3aMHHOrpaMuUvANHa HW Kapo- 
THHa. I]o-BuyMMOMy, OTCYTCTBHE ONMAaBJICHHM KPHCTAJVJIOB, KOJIJIOHJHBIX 4YaCTHIL 
XJOpodusIa HM TeEPMOUYBCTBHTEJIbHbIX YUaCTKOB XJIOPONMNAaCTOB Mp BbICOKOM 
WMHT€HCHBHOCTH OGsyueHHA (j = 1-10-41 a/cm?) O6baCHHAeTCA JOBObHO ObICTPbIM 
mepexOOM MX B HellaBKOe COCTOAHHe. OnslaBJIeHHe OTHOCHTEIbHO TeEPpMOYCTOH- 
4HBBIX COCHHEHHH (KapOTHHa, rpaMuluyuHa, Je3aMHHOrpaMULNAMHa) Mp UH- 
TCHCHBHOM BOSJCHCTBHH 3JIEKTPOHOB, OUeBHAHO, MpOHCXOANT BCsIeACTBHe Toro, 
4TO Ha OObEKTE YCTaHAaBJIMBaeTCA BbICOKaA Temnepatypa (200—300°) 6onee O6nI- 
CTpO, 4eM COBepliiaeTcA Nepexo UX B HEMIAaBKOe COCTOAHHE. 

Ilepexo B HemlaBKoe COCTOAHHeE XJOpopua, KapOTHHa, rpaMulNzuHa U 
Je@3aMHHOrpaMHINMHa ABJIACTCA, BeEPOATHO, Pe3YJIbTaTOM MOHH3HPYrOUlero 
JCHCTBUA 3JIEKTPOHOB, TaK KaK 9TOT Mpollecc He COMpOBOwKMaeTcCA H3MeHeEHHeEM 
(OpMbI H pasMepa OObEKTA, YTO XapaKTePHO IPH TePMHYeCKOM BO3elCTBHH. 
TakHM OOpa3oM, paflMallHOHHbI sddeKT IIeKTPOHHOTO My4Ka OOycOBIMBaeT 
cBoeoOpasHyl0 «pPuKCallHioy pala OMOMOrNYeCKHX OObEKTOB. OTO MO3BONAeT HC- 
CJI€OBaTb HX B 9JIEKTPOHHOM MUKPOCKONe pH BEICOKOM MOTHOCTH TOKa H, cule- 
JOBAaTeJIbHO, IPH BbICOKOM TeMMepaType Oe3 3aMeTHbIX HCKaxKeHHH, OOYCOBIeH- 
HbIX HarpeBOM OObEKTA. 

Jla6opaTopus 3eKTPOHHOM MUKpPOCKONHMH Tloecrynus10 


pH Orjenenuu Ononormueckux HayK 23 III 1959 
AkajleMuu Hayk CCCP 
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Puc. 1. a — xnoponaacrt Bellis perennis, 6 — xaoponmact Bellis perennis, 

mporpetbli BBaKkyyMe MpuH 350°, e — xmoponmactT, mpeAcTaBJeHHblit Ha 

puc. /a, mporpetTbiii B BakyyMe mpu 350° nocae mpexBapuTeMbHOrO OOMy4e- 
HHA erO B 9JICKTPOHHOM MHKpockone. 12 000 X 


Puc. 2. a — Mukpodororpapus xKpuctaiiop f-kapoTHHa, NomnyyeHHad MmpH 
TwioTHocTH ToKa j = 7-10-? a/cm? 6e3 mpezBapHTenbHoro OOyYeHHA HX 3VIeK- 
TPOHAMH MasOli KRHTeHCHBHOCTH, 6 — MuUKpothoTorpapuA KPHCTas10B B-KapoTH- 
Ha, MomyyenHad MpH mmotHocTH Toka j = 7-10 a/cm® mMocne mpe,BapHTevb- 
HOO OGyYeHHA OODEKTA 9eKTPOHAaMH MaJOl HHTeHCHBHOCTH. 12 000 X 


JLAH, tT. 127, Ne 2, Benapuesa 
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Noxrxage Akagemunm nwayr CCCP 
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BHOXHMHA 


Bb. ®. BAHFOLUMH u unen-koppecnonzent AH CCCP A. H. BEJIOZEPCKUH 


CPABHMTEJIDHOE H3Y4EHWE COCTABA PHBOHYK JIEMHOBbIX 
KMCJIOT Y BbICHUHX PACTEHHU 


_ JLo eux nop coctaB pHOonykKsenHoBEIx KucoT (PHK) Bpicumx pacrennit usy- 
H€H TOJIbKO y H€CKOJIbKHX BHOB (*~*). Mmeroujueca B WHTepaType JaHHbie He 
[aloT OCHOBAHUK CKOJbKO-HHOYAb OMpesesIeHHO CyQUTb O cocTtaBe PHK u o mpe- 
yeulaX €rO BapbHPOBaHNA-y pacTeHHi pa3MUHbIX CHCTeMaTHYeCKHX rpyunn. 
_ B uactoamlel paOote usyyeH HyK/eOTHAHEIH coctaB PHK y 28 Bujos pacte- 
ivi — mpewctaBuTeneli 5 Tunop, 6 kKsaccos, 23 nopagzKoB u 25 cemelicts (°). 
lia onpefeseHua HyKMeoTHAHOrO coctaBa PHK ucnomb30Basu CemMeHa, TIbIIbILy 
A TaJIJIOMHbIM MatTepHas *. Okoo 500 mr cyxoro, o6e3x%KNpeHHOrO, pacTeptoro 
fi TOHKYIO MYKY PaCTHTe/IbHOFO MaTepHala NOMBepraJiH OTMBIBKe OT KHCOTOpac- 
“BOPHMBIX COCAMHEHHH HW C MOMOLIbIO IeOUHOrO ruspomH3a no LImugry u Tann- 
caysepy (0,75 N KOH, 37°, 18 uac.) orgersau PHK 8 Buge MOHOHYKeOTHIOB; 
THLaTeJIbHO HeEHTPaJIHM3OBaHHbIN OOeCCOJIEHHbIM PacTBOPp PHOOMOHOHYKJIeOTHIOB 
(10) ynapwBaJIH TOKOM BO3/yxXa IPH KOMHATHOH TemMmepatype Jo o6bema 1,5— 
3 MJI H UCMOIb30BaJIM 3aTeM AVIA KOJIMYECTBEHHOYO OMpPeWeeCHHA OTIEJIbHBIX HYK- 
TeoTH0B. PasyeseHve PHOOMOHOHYKJeOTHAOB MPOWSBOLMJIN C MOMOLLbIO 3JICKT- 
— uM XpomMaTorpaduu Ha Oymare. Jia pa3qesleHua HYKJIEOTHOB C MOMOLLbIO 
JleKTposopesa Ha cMoueHHy!IO Oydepom nowocky Oymarn (4 * 35 cM) B7 cMoT 
XaTOJHOPO KOHIa HaHOCHJM B ONMH IpHeM 100—400 pat pactBopa, cozepxamlero 
)HOOMOHOHYKJeoTHAb!. Hanecenne Takoro OoubWOrO KOJIMYeCTBA HKUAKOCTH Ha 
BaXxKHYIO NONOCcKy OyMarH 6e3 NOACYUIMBaHHA OKAa3aJIOCb BOSMOXHHIM Oylaroja- 
DA TOMY, 4TO PacTBOP HaHOCHJIM Mexy JBYMA NOMepeyHbIMH JIMHHAMH, OTUep- 
4@€HHbIMH MATKHM TIPOCTbIM KapaHJallloM, Tak 4TO rpauT npenATcTBoBad pa- 
tTeKAaHHIO %XMAKOCTH 110 Oymare. IIpH HaneceHHH TaKOrO KOJIMYeCTBa PacTBOpa C 
OJCYIIMBaHHeM He MOJyYaOCb YyAOBJETBOPHTeIbHOrO pasfeJeHHA HyK1e0- 
rHOB. OnbIT MOKa3bIBaeT, UTO HaHOOJIee HaexKHOe VM CPaBHHTEJIbHO OBICTpoe pa3- 
eeHHe PHOOMOHOHYKJICOTHAOB MPOHCXOAMT Ha JeHMHTpaycKou OpicTpou Oy- 
Mare B TeueHue 5 yac. B 0,075 M auetaTHo-ammouHeBom Oydepe pH 3,5 pu rpa- 
mMeHTe HanpaxeHua 15—18 B/cm. Bymary mpezBapuTesbHo npompiBain 2 N 
H;COOH u MCTHJIJIM pOBaHHO Bofok. [lopaqok pacnosoxKeHHA HYKJICOTHIOB 
DT KaTOfa K aHOJy CueLyIOUMH: WHTHAMIOBaA KUCJOTAa, aeHHJIOBad, TyaHHuo- 
Basi uM ypusuaoBasd KucoTHI. [loqBuxKHOCTH YKa3aHHbIX HYKJICOTHAOB OIH3KH 
K J\AHHBIM, IIPHBeeCHHEIM B JIMTepatype (1"). Paspenenve HyKJICOTH OB C MOMOLLbIO 
pomatorpadun Ha Oymare nponsBosHu Ha Jlenuurpasckol OyMare, MJIOTHOCTb 
5 %, B ABYX cucTeMax pacTBoputTeseli (1”). 

Tugponnsatet PHK mMuornx HcCJleqOBaHHbIX pacTeHHH COfepKaT 3HayHTedJb- 
O€ KOJIMUeCTBO MIMTMCHTHPOBaHHbIX BelLleCTB, KOTOPble He yaeTCA YaMTb U3. 
aCTHTeJIbHOrO MaTepHasia H rus~pouusata PHK 9sxKcTpakuHel pa3/IM4HbIMH Op- 
aHHYeCKHMU PaCTBOPHTeJIAMH, a TAK2%KE C MOMOLL[bIO PasJIMYHbIX COPOMMOHHBIX 
cpemcts. IIpucyrcTBve MMrMeHTHpOBaHHbIX BellecTB B rugpomusatre PHK B 
BHAUHTeIbHOM Mepe 3aTPYAHACT KOJIMYeECTBeEHHOe ONpeseseHHe HYKJICOTHOB. 
CBA3H Cc 9THM cocTaB PHK HekoTOpbIx pacTeHHH OKa3aJIOCb BO3MOXKHBIM OII- 
€eIHTb TOJbKO C MOMOMLbIO JeKTpodopesa Ha OyMare, TaK KaK IPH 9JIeKTPO- 
OPeTHYCCKOM Pa3JeJIeHHH HYKJICOTHAOB NPOWCXOAMO oOTJeNeHHe PHOOMOHO- 
YKJICOTHOB OT MHIMeHTHPOBaHHBIX BelleCTB, KOTOPble OCTaBaJIHCb Ha JIMHHH 
anecenua. KomnuecTBeHHoe onpesesieHve PHOOMOHOHYKJICOTHOB STHX pacTe- 
Hii Mocsle pasesIeHHA C MOMOLMbIO XpOMaTorpauu Ha OyMare HEBOSMOXHO, Tak 


* 3a mpefocTapeHHe paCTHTebHOro MaTepHala BbIpamKaemM PIyOokylo OaroyapHOCTb 
. A. Masypenko, ®. J. Kocruxy u M. C. Unuaroson. 
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KaK MHIPMeHTbI CO3alOT HePaBHOMePHbIM OO/IbLIOM (POH C MHTCHCHBHBIM MOrOULe- 
HveM B O6acru 250—280 mu. OmHako y HeKOTOpbIX pacTeHHH He yaJl0cb C NO- 
MOULbIO 3leKTpocbopesa onpexeHTb coctaB PHK, Tak kak Mp STOM NOsyyaOcb 
B 3HAUHTebHOM Mepe 3aBbILeHHOe KOJIMYeCTBO ypHAMIOBOH KUcOTH. BBuyzy 
BbICOKOM KOHIWeHTPallMH PasHOOOPasHbIX MHTMeHTOB BO (PpakKUMH PHOOMOHOHYK- 
JICOTHOB Y HEKOTOPbIX pactenuit (criopsl Nephrolepis, mbibHAKH OaHaHa, M04- 
Ku AONOHH) cocraB PHK ue yfasocb OnpeseUTb HM C MOMOUIbIO XpoMatorpadun, 
HM C MOMOLMLbIO sIeKTpocbopesa Ha Oymare. B Oomee peAKUX ClyyaAx He yaBa- 
JIOCb YYMTEIBAT COMepKAaHHA WHTHDMOBOM KUCJOTHI, TaK KaK MocJe 5 4ac. dJeK- 
Tpoopesa OHA MaJO ylasIANacb OT NOMOCbI HAaHECeHHA, Tle OCTABAaJIMCb MTMeH- 
THpOBaHHble BelllecTBa. [Ip STOM ONPeAeAMM TOKO KOMMYeCTBO Tpex Apyrux 
HYKJICOTHIOB — aJeHWOBOH, TyaHHJIOBOl HM YPHAMOBOK KHCJOT. Jina onpe- 
JeNeHHA LUTHAUOBOM KUCJOTHI BPeMA SIEKTpOopesa MPH TeX %Ke yCJIOBHAX YBe- 
muunBasH 10 14—18 uac.,'B pesybraTe Yero WHTHAMIOBad HU aJeHHIOBaA KHCJO- 
Tbl YaAMCb OT MHTM€HTHPOBaHHOM NosIOCcbl HaHeceHHA. SaTeM onpeneAM 
KOJIMYECTBEHHO 9TH HYKJICOTHb, Haxoqunu oTHOmeHHe L/A* u npousBo_MM 
COOTBeTCTBYIONMe pacueTbl. OOHapyxXeHHe HYKJeCOTHLOB Ha seKTpodoperpam- 
MaX MH XpOMaTOrpaMMax, HX IIOWMIO, KOMMYeCTBEHHY!O ClleKTPOPOTOMeTPHIO 
MW pacueTbI MPOMSBOAUAK Tak, KaK 9TO OblIO panee OnMcaHO B paooTax Cnupuna 
u Benosepcxoro (1°, 17), Maentudpukaluio H KOHTPOJIb Ha YMCTOTY PHOOMOHO- 
HYKJeCOTHOB HCCeLOBaHHbIX pacTeHHH MpOusBOAMIM cllekTpodoTomerpuue- 
ck (13), Tlourm y Bcex pacreHuli coctas PHK usyyeH OHOBpeMeHHO H C M0- 
MOULbIO XpOMaTorpacuu H C TOMOUIbIO JWIeKTpopopesa Ha OyMare; AaHHble, Nosy | 
UCHHbI€C C TMOMOMIbIO 3STHX JBYX MPHeMOB, OKa3aJIMCb OJHO3HAUHBIMH. [losy- | 
yeHHbIe JaHHble mo cocrapy PHK spicwiMx pacTeHHi npecTaBuieHb! B TaOs. 1. 
Tam, rye B TaGOmule He CelaHO COOTBeETCTBYIOUIMX OFoBopoK, coctaB PHK- 
M3yuaJIcA B CeMeHaX TeX HIM HHbIX pacreHu. []pencrapsenubie B TaOn. 1 faH- 
Hple m0 coctaBy PHK sBustotca cpeqHuMH 43 4—6 OTJebHbIX ONPeeeHHH B 
KaxKJIOM H3 2 MapaJVIebHbIX THAPOMM3aTOB KaxMOrO UcceOBaHHOTO Bua. 
Cpeaquee KBaspaTHuHOe OTKJIOHCHHE OTACJIbHBIX ONpeAeIeEHHH OT cpeqHeH 2—3%. 

B cooTBeTcTBHH C 3aKOHOMePHOCTAMH, yCTaHOBJIeHHbIMH Uapraddbom, Mmo- 
JdpHas CyMMa ryaHHJIOBol Hu ypHyusoBoH KucOT B PHK Bcex H3y4YeHHBIX pa- 
CTCHHH PpaBHa MOJAPHOM CyMMe aJleHHJIOBOM WM WuTHAMIOBOK KucnoT. 13 nomy- 
Ye€HHBIX HaMH JaHHbIx mo coctaBy PHK y BpicuiMx pacTeHult cilelyeT, 4TO BO- 
sBeex PHK [>A == IL>Y; pu stom oco6o caefyeT OTMeTHTb, UTO B PHK pa-. 
CTeHHH, Kak MpaBHJIO, COepAHTCA PaBHOe MOJIAPHOe KOJIMUECTBO aNeHHJIOBOM U 
WHTHAMIOBOK KucOT. Kpome toro, B PHK nokpbiroceMeHHbIX BeJIMYHHbI OTHO- 


yp T+ 


weHHH FM Ay MOpasutTebHoO OM3KH. PHK scey yccmeqoBaHHblx pa- 


cTeHui oTHOcaTCA K [L]-tuny. 

IIpu paccmorpenuu coctapa PHK y pacrenuii B cucreMaTH4ecKOM acmexktTe, 
HauMHad OT MXOB M JO MOKPbITOCeMeHHEIX BKJIOUNTeEbHO, Mpexke BCero 6po- 
CaeTCA B rla3a OYCHb HeOOJIbINOH pa3sMaX BapbHpOBaHHA B HYKJICOTHAHOM CO- 
CTaBe He TOJbKO OT BUJla K BUY, HOW Jake np nepexose OT OLHOFO NOpAKa K 
Apyromy. Tak, coqlep»kaHue ryannnoBoli KucnoTH B PHK u3yyeHubix pacTeHuit 
BapbupyeT OT 27,6 no 31,5%, coyepxKaHue aneHnnoBoit KucMOTEI — oT 23,5 Jo 
26,7%, cOMepKaAHHe WMTHTMOBOH KUCIOTHI — oT 22,5 no 26,5%, a} cofepxa- 
Hue YPHAMOBOK KUCOTE — or 19,1 qo 23,7%. B mpemenax KmaccoB 3TH pa3sJH- 
4HA elle MCHbINe H He MPeBbIMalOT OOBINHO CPeAHEFO OTKJIOHCHHA OTACJIbHBIX ON- 


Panes B mpeyetax Knacca AByOMbHbIX OTKOHEHNA BEHYHHbI OTHOWICHHA 
Acpy Of cpequeit 1,19 cocrapasiort ++ 4,2%. Cpenuuit cocras PHK pactenuit 


KJ1aCCa IBY JObHBIX, BLIBeEACHHbIM 43 coctaga PHK 19 Bugos, taxon: 


= FN I a) Ilypuuet r+y r+ 
, er , IInpumuguupi A+ A+Y 
Do eee OA) 24,9 PO) Tt 1,19 1,00 1,19 


PXGNG nelonin, tl 
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Hyxkmeotuyupit cocras PHK 


y BBICIIHX pacTeHHit 


Tao6auuna i 


Coyep»anue BY- 
Bun Caueueree KJICOTHAOB, MOM. % ae ai ay 
ig A af y 
Tun BRYOPSIDA 
Kaace HEPATICAE 
flarchantia polymorpha (taa-| Marchantiaceae 28; 3126 , 3/23 2122, 2) 1,20 | 1,02") 4506 
| JIOM) 
jegatella conica (TasJiom) To xe 2854125. 51238 A233) 216 4, 06 a4, 05 
lit PDE RO P'S 1 DA S| 
| Kaace FILICINEAE 
‘eratopteris cornuta (Bce pa-| Pteridaceae 28 5/25, 7/23, 4122,4) 1,18 | 1,04 | 1,08 
cTeHHe) 
\Tun SPHENOPSIDA 
Kaacc EQUISETINEAE 
}guisetum sp. (cnopsl) Equisetaceae 29), 1/26 ,4/28,8)/20,7) 1,25 | 0,99) 4,42 
wun GYMNOSPERMAE 
Kaacc CONIFEROPHYTA 
ies silvestris (mpimpia) Pinaceae Dr GDS 2B, Aas Ap |) al Os 4 
‘icea excelsa (mblmbIa) To xe 28F3 125,422, 512340) 1, lon) 1 Comm aOs 
inkgo biloba (sapogpium) | Ginkgoaceae 29), S124, 7124, 1124 a 120 Tt Goa aes 
ba ANGIOSPERMAE 
|e DICOTYLEDONEAE | 
agnolia glauca Magnoliaceae 29, 8/24, 8)24,8]/20,6) 1,20 | 1,02 | 1,20 
ynnamomum japonicum Lauraceae POS OAD 2a a ae a OM jf al as 
alus domestica (mpimbHuKu)| Rosaceae 28, 4/25, 2/25,0/21,4) 1,16 | 0,99 | 1,15 
‘inum usitatissimum Linaceae RO OPA BE asePUnay dio) |) aOR tie 2 
‘leurites Fordii Fuphorbiaceae 2950) 2455/25 1120.81) Ledon O99 mie eat 
jitrus reticulata Rutaceae DOO) APA AAO Wear aH | aL OG 
rassica oleifera Cruciferae 29,425,124, O)20 0) sh 2 lOO) Mes 
amamelis japonica Hamamelidaceae ([29,6)26,2/24,5)19,7| 1,26 | 0,97 | 1,18 
sucommia ulmoides (nbimpua)| Eucommiaceae AD ONE NPA I Pal AL ALA Nh Gl HL Nh Al Al 7) 
ucommia ulmoides (cemena)| To xe 29 0/26, 3/24,3/20,4) 1,14 | 0,98 | 1,14 
tyrax Obassia Styracaceae 29, 812451124, 5124.0) 4205) AE O35 a9 
lorylus Avellana (nbimpya) | Betulaceae 28,2124, o200122, 0 tos A Ole et 
uglans regia (mbimbtla) Juglandaceae 29,6\25,2\28,,0/2456) 1520 | 1 0b5) 414 
udrania tricuspidata Moraceae apn Ope, PO aly) 08 || 4s 
jagopyrum sagittatum Polygonaceae DO OYA APO UPA ASU he | OG a] 413233 
esamum indicum Pedaliaceae 29, 9)26,7/24,1/19,3) 1,30 | 0,97 | 1,17 
ierilla ocymoides Labiatae BORD 24 1245/2051 a2 Aaal se Aaa le a 
felianthus annuus Compositae 80, 4123) 9124, 624, iat AG A065)? 
jassiflora coerulea Passifloraceae 28,.8\24, 7|\26,0120,.5| 1,15 | 0,97 | 4524 
K aacc - 
| MONOCOTYLEDONEAE 
ocos capitata Palmae Ble ACA, a IPAS Ih WhO) |] eye 
riticum vulgare (3apogpnuu)| Gramineae 29 , 6/24, 5/25,8/20,4) 1,18 | 0,99 | 1,24 
C mays (Mblibya) Gramineae 29,9124 0126 0/1 9.6) 447 sO, 98m 429 
| IIpumeuanne. [—ryanusopaa Kucnota, A— afenunopaa Kucnota, Ll — nurugn- 
Baa Kucaota, Y —ypugzunopaa Kucnota, Ilyp—nypuuosbie nykseoTugb, Ilup — nupu- 


jee HYKJIeOTH BI. 


WIbHbIX BO3MO2KHO KOJIMUCCTBEHHOE OTl 


Ha ocHoBaHHM CpaBHUTebHO HeOO/bUIOH BapMalwuu coctapa PHK y gpy- 
pemenenve PHK y 9Tux pactTeHuii no 


IMMeCTBY OMHOFO H3 HyKJeoTUsOB. Takoe CpaBHUTebHO ObicTpoe onpeyese- 
ye PHK y pacreHuli HaM mpejcTaBsAeTcA yRoOHee BCerO MIPOH3BOAMT M0 rya- 


} 3axas 1810 
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HWJIOBOM KHCJIOTe, MOCKOJIbKY 2TOT HYKJICOTHA Mpu pa3seuIeHHH C MOMOMLbK 
aleKkTpocbopesa Ha OyMare CpaBHUTeIbHO JaseKO MpOMBHraeTCA OT MOJIOCbI Ha: 
HeCeHHA, YTO YMEHbIMaeT BOSMOXKHOCTL eFO 3arpxAsHeEHHA MHTMCHTHPOBAaHHBIME 
BellecTBaMu. [yaHusoBad KHCJIOTa MeHee MOJBepxKeHa PasPyWIeHHIO IPH Wey: 
HOM THAporH3e, YeM, HAaNpHMep, WHTHAMMOBaA KUCMOTa; ryaHUOBy!0 KHCJIOT} 
lefKO HeCHTHPUUMPOBATh Ha Q/IeKTPpooperpamMax N10 rosyOon diyopecheHuAr 
pu o6pa6otke mapamu HCl. Ilpu kommuecTBeHHoM onpeyeueHHH STOrO HyKs1eO 
Tua HM B OJHOM M3 HCCeMOBaHHbIX pacTeHHH He HaOMOJaOCb eFO 3aBbIMeHHA 

IIpu pacemorpesun coctasa PHK neyeHouHuKoB, BOAHOrO NanOpoTHUKa, ¢ 
TAKKE MbWIbILbI WpeCTaBUTeeH TOJIOCeMeCHHBIX U3 CeM. Pinaceae MO%KHO BUTS 
uto coctas PHK sTux pacTeHuli, m0-BUMMOMy, CTaTHCTH¥eCKH JOCTOBepHO OT 
jimuaetca oT coctapa PHK spynoupupix. PHK ofnoyoubHpix, 10-BHHMOMy 
OTHOCHTCA K HeCKOJIbKO Oosee BbICoKoMy T'I[-runy mo cpaBpHexuio c PHK apy 
oMbHbIX. J ByOubHbIe pacreHua 0 cocraBy PHK sanuMmawwr cpesHee MOul0wKeHHt 
M@KLY apXefOHHaJIbHbIMH VW OHOJOMbHBIMM pacTeHuamMuH. Mexyly mpeycTaBu 
TeAHMH APX€FOHHAJIbHbIX, OTHOCAMMXcH K Tunam Bryopsida, Pteropsida } 
Sphenopsida, pa3muuni B cocrape PHK He oOnapy2Keno. CileqyeT OTMeETHTB 
UTO MblWIbla H CeMeHa OJHOTO H Toro %Ke Bua cosepxKaT PHK oguHaKoBore 
coctasa (Eucommia ulmoides). Mpu ucnonbsoBpaHun JIA ompeyeeHuaA co 
crapa PHK ceMaH NOJHOCTbIO, a TaK2Ke 3apOfbIlleH MOWyYeHb! OL HOSHAYHBI 
JaHHble, YTO CBUJeTebCTByeT O CxofcTBe cocraBa PHK cemenu uw 3apopiia 

Takum 06pasoM, onpeyevleHHble pa3uiuuna B CcoctaBe PHK pactreHul JocToBep 
HO OOHAPyXUBAIOTCA TOKO Mex Ly MpeACTaBHTeAMU CaMBbIX OTJaJICHHbIX KAac 
COB, UTO yKa3bIBaeT Ha OTHOCHTEIbHO HEOOIbIIyIO CHelHuyHOCTh coctaBa PHKk 
y BbICIUHX pacTeHHi. 

PacTeHuaA, HyKieoTHyHBIN coctaB PHK KoTopbix u3yy¥eH HAMM, pa3JIHualoT 
CA JOBOJIbHO 3HAUMTEIbHO HE TOJIbKO MO CBOeMY CHCTeEMaTHYeCKOMY MOJ102KeHHIO 
MPpOHCXOXKeHHIO, HO HM OTJIMYHI 10 CBoel 9KOIOrHN. Cpe HAX eCTb J peBecHBIe 
KYCTAPHHKOBbIe, TPaBAHHCTble, OHOJIETHHE MH MHOFOJIETHHE BUIbI, KYJIbTYPHBI 
pacTeHHA CO CMelWaJH3HpOBaHHbIM OOMeCHOM (MIOJOBbIe, MaCJIMUHbIe, XJIeOHBbI 
31aKH, HOCHTeJIb FYTbl) H WHKHe pacTeHHA, PEMMKTOBbIe BUI M MpelcTaBUuTel 
MpOUBeTAaIOlHX B HaCTosee BPeMsA CeMelicTB. OHaKO, HECMOTPA Ha MepeuucseH 
Hble pa3viMunA, COcTaB CyMMapHoH PHK aTux pacTreHuli nopasHTe@IbHO 61430K 
UTO CBHJIETEJIBCTBYCT O TOM, 4TO cocTaB PHK y pacrenuii He 3aBUCHT B SHauHTedIb 
HOM CTeMeHH OT YCJIOBHM KUSH PaCTUTEJIbHbIX OPraHH3MOB, a Tak2Ke Maso NOR 
Bep2KeCH H3MeCHCHHAM B Mpowecce HX 2BOMOUNH. Bomee Toro, ec CpaBHUTb M10 
JIYYCHHbIe HAMM JaHHbIe m0 cocraBy PHK y Buicumx pacrenuli c cocraBom PHI 
J\pyrux OpraHusMOB — MMKPOOpraHH3MOB H XKHBOTHBIX, TO OOpalaeT Ha ce: 
BHUMaHHe HeoOpualnaa OusocTb cocrasa PHK y sBcero opraHMueckoro Mupa 
OTOT PakT CBUJeETEIbCTBYeT 06 OCTPOH HeOOXOLMMOCTU U3y4YeHUA HYKJICOTHAHO! 
NOCJIEOBaTeIbHOCTH B len MOseKyJIbl PHK, Tak kak cneumpuyHocts PHK 
BUMMO, WOJKHA OOYCIOBIMBATLCA, laBHbIM OOpa30M, 3THM CTPyYKTYPHbIM MO 
MeHTOM. 


MockopcKHH rocyapcTBeHHbIt yHHBepcuTer Ilocrynuao 
um. M. B. Jlomonocosa 30. 1V 1959 


UMTHPOBAHHAA JIMTEPATYPA 
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Hokruanp Akagemun nwayk CCCP 
1959. Tom 127, Ne 2 


MOP®OJIOTHA PACTEHHH 


H. A. KOXHO 


O CKOPOCTH POCTA KOPHEM KJIEHA OCTPOJINCTHOrO 
| (ITpedcmaenen6 axademuxom B. H. Cyxaueeoim 25 IT 1959) 


B muTepatType OTCYTCTBYIOT CBEeHHA O CKOPOCTH pocTa KOpHel ocTposucT- 
ro KieHa (Acer platanoides L.). B To xe BpeMa MMeHHO 9TH JaHHble HMedIu Obl 
HXKHOe MpakTHuecKoe 3HaueHHe. 

_ WiccehoBanHuA CKOPOCTH POCTa KOPHeM KJeHa OCTPOJIMCTHOFO BeEJIHCb HaMH B 
eueHHe BereTalMoHHoro nepHoga 1958 r. B TomoceepcKom secy (nog Kue- 
JOM). OObeKTOM u3yueHHa Oplio 10-neTHee JepeBO KJI€Ha OCTPOMMCTHOTO B y- 
jOBO-KJICHOBOH KyJIbType. Buricotra ero B Hauase onbita Obwia 4,5 M (mpHpocT B 
‘BICOTY 3a BereTalHio 1958 r. coctaBnu 60 cm), AHaMeTp Ha BbICOTe rpyAu Ha KO- 
‘ell BereTalHOHHOrO mepvogya 5,1 cm. Pa3smMep mpoeKkIHH KpPOHbI HaHOoJbUIUt 
,o M, HavMeHbuUHH 1,8 m. [lousa qetaHKH — Ccepasd mecHad CyrIMHUCTaA Cpell- 
‘eonoy30eHHad, TyMyCoBbIh ropusouT AocTuraet 34 cm. TpaBaAHuCTHI NOKpOB 
pequeit TyCTOTLI, HepaBHOMePHO pacceAHHbIN, COCpeAOTOUCHHbIN TaBHbIM OO- 
}430M B IIpocBeTax MexK]y KpOHaMH JepeBbeB. OCHOBHOH bOH NOKpoOBa OOpa3sy- 
tt Carex Michelii Host., s3HauuTesibHOH mpuMecbio K Heit aABsIAeTca Poa praten- 
is L., o6pa3yroulHe BMecTe BepxXHHH aApyc TpaBoctos. B HuxKHeEM Apyce pacTyT 

ulmonaria officinalis L., Euphorbia cyparissias L., Veronica chamaedris L. 

CkopocTb pocta KopHel ksleHa M3y4aslacb mo MeTogy Jlagecorga (*). B or- 
[Hue OT J[PyrMX, ITOT MeTO JOBOJIbHO MpOCT, HETPyNOeMOK H JaeT BIOIHE Jo- 
TOBepHbIe JaHHble. CyUIHOCTbh MeTOJa COCTOMT B CJleqyIouleM. OTKambiBaeTca 
pIMH U3 KOPHel HcCeMyeMOl NOpOsbl, MW Ha erO OKOHYAHHE HakJlaplBaeTcaA MeJ- 
foe KouIbIlO. KopeHb 3acbimaloT 3eMJIeH H Uepes ONPeMeJICHHbIM NPOMeKYTOK Bpe- 
MCHM, sJIyuLe BCero Yepes eKaly, CHOBA OTKAMbIBalOT, H WHMPKYJICM H3MepsAIOT 
ipupoct B AuHy. Tlocne sToro KObILO MepeHOCAT CHOBAa Ha KOHEII, M Tak B Te- 
feHve BCero MepHofa HaOmOMeHHH. B faHHoM UcCJIeqOBaHHH BMeCTO MeJHbIX 
KOJIEI, UCMONb3OBaIN KPacHYIO WeMKOBYIO HUTb TOJIMMHOH OKOO | MM. Vizgme- 
MCEHHE HCKPHBJICHHbIX KOPeIIKOB MPOWSBOAMIOCb He WMPKyJIeM, a CMOYeHHOH 
IMTbIO, KOTOPY!O MOTOM H3MepaJIM MacuITaOHOH mMHeHKOM. Mectra HakiaqkKu 
<OlelL Ha KOPHH Mocwe 3aCbINKH UX 3eMJIelt OTMC4aIH KOJIbIWKAMH. Orbit Obl 
ioctapseH B 10 nopTopHoctax. Imy6uHa 3aeraHua KOpHeH — npHOMSUTeb- 
10 10 cm. IIpupocr usmepsvica KaxkZyto Jekaly, HaunHas c 21 V (onpiT 3aoxen 
i V). OnHoBpeMeHHO exKeHeEBHO H3MepsANAacb TeMNepaTypa MOUBbI Ha rayOuHe 
basleTaHuad uccnekyembix KopHeli (10 cm.). Lannpie 0 kouMueCTBeE OCALKOB — U3 
TaOJOLeHUM MeTeocTanuMu Ha BarpHHopot rope (Kues), koTopad pacnouloxe- 
a HeJlaneKo ot TomoceescKoro seca. 

Ha6s10teHua moKkasasiH, YTO CKOPOCTb pocTa KOPHeH KJIeHa OCTPOJIMCTHOFO 
3 TIEPBYIO O4epeb 3aBHCHT OT BuaxHOCTH NOUBHI, TemnepaTypa MOUBbI HMeeT 
eHbillee 3HaueHHe. HauGoulee HHTCHCMBHbIM POCT KOPelIKOB B JIMHY HaOuIKO- 
[aJICl UMCHHO B Te JeKabl, KOra Bbilayal Low Ib. B Kekapl, Kora mocse WOxK- 
If YCTaHaBJIMBalaCb %KapKaa Morofla, pOCT KOPeWIKOB HeCKOJbKO ocabeBad, 
Syxue JeKafbl C BbICOKAMM TeMNepaTypaMU OTMMYAaINCh HavOosee CaObIM po- 
‘TOM Kopeukos. Hausyummii pocT HX HaOsOfasicsa B uIoHe (Ta6a. 1). B 9T0 xe 
3peMA” HauOoslee MHTCHCHBHBIM ObWI MW POCT B BBICOTY. 
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B jleKaybl C BBICOKOM TeMMepaTypoOl NOUBbI H MaJIbIM KOJIHYCCTBOM OCAJIKOB 
KOra pOCT B JWIHHY OcaGeBasl, HaOJIOLAaNOCh MOABJIEHHE MHOTOUMCJICHHBIX OT 
BETBJICHHI, KOTOPbIe B COBOKYMHOCTH MOUTH PaBHbI MPHPOcTy B AJIMHY POCTOBbI? 
oKoHYaHHii 3a 9To Bpema. [IpakruuecKH MOXKHO CUMTATb, TAKUM OOPasoM, UTC 
IIpHpOcT KOpHel 10 Macce paBHOMepeH B TeyeHHe BereTalluH. 


Taownina 1 


CkopocTb pocTta KopHeil KeHa OCTPOMHCTHOTO B TeyeHHe BereTallHOHHOrO 
nepnoga 10 V—30 IX 1958 r. 


| TIDUpOCI By Ag any om Temnepa- | Kosnuect- 
Mecay Tlexaya Typa BO ocafi- 
| MHHUM.| MaKCHM. cpex. MouBbl, °C} KOB, MM 

Mat i 63 | 103 92 24 10 

II] 63 | 92 85 24 0 

IAGRONO 5 % | — 177 — 40 

I 741 120 104 18 34 

V10Hb II 73 110 90 20 5 

III 67 102 98 23 2 

VUtoro . — — 292 — 54 

I 54 83 63 20 20 

Vitomb II 41 63 of Pat 0 

III 40 98 58 23 10 

Uroro — — Wiz; = 30 

I 42 62 50 24 13 

ABrycT II 32 54 46 22 8 

Ill 43 Ase 108 20 83 

Mtoro . — — 204 = 104 

I 39) 84 76 4 0) 

CexuTa6 pb II ors) 63 XO) 14 19 

III 30 54 48 4153 14 

Oe) , 5 2 = = 174 = 30 

Beero 3a mepvoq Ha6ésoze- 
TR Seen oe ae See 30 137 10419 — 220 
CpenHee 3a mepHoy Habutw- 
TCH TIM ean Pe oP EMRE — — 73 20 = 


P. Moppoy (*), KoToppiii usy4an pocr kopHeli caxapHoro Kena (Acer saccha- 
rum Marsh.), ycTaHoBul, urO HaHOoJlee AKTHBHO PacTYT KOPHU BecHOii HB Ha- 
Yale WeTa, a HaMOouee CaO — NeTOM H YTO NAOXO pocT UX O6ycjOBNeH He- 
XBaTKOM HJIM 2Ke MaJIbIM KOJIMYECTBOM NOUBCHHOH Bar HW BbICOKOM Temnepatypoit 
MOUBBI. 

Hamm HaOmoleHuA 3a pOCTOM KOpHeH KJIeHa OCTPOMMCTHOFO LeAMKOM NOs- 
TBEpKaloT YNOMAHYThIe BLIBOAbI P. Moppoy. 

J{A OpHeHTHpOBOYHOrO ONpeseeHHA HpupocTa KopHel ObwI mpousBeqeH 
MofcdeT BCeX POCTOBHIX OKOHYAHH B MOHOMMTe nouBEI 10 x 10 x 10 em. Cpen- 
Hee 13 4 MOHOJIMTOB, B3ATBIX B 4 MecTax BOKpyr JepeBa, cocTaBaser 104 KopHe- 
BbIe OKOHYAHMA. Cpequuii mpupocT B AHHYy 3a JeKany 73 mM, uau 0,0073 . 
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JeKOBATEIbHO, CPeHHH NpMpocT KopHel B AWIMHY B MoHOmUTe 10 x 10 « 10cm 
),001 m*) cocrapaser 7,592 mM 3a JeKajly, a 3a BereTallHOHHbIli Nepuok mpu6uu- 
1 eee 106 m. IIpunas cpegHioro TOMMHHY pocToBoro OKOHYAaHHA BO,5 MM, HMe- 

CpeTHIOIO MWOULab CeyeHuA KOpeuiKa 0,785 mm?, unu 785 10-11 m2. Orcto- 
a IIPHPOCT KOpHeH mo Macce B MoHovuTe 10 x 10 x 10 cm cocraBasnet 832-10-° m®, 
Ha | M® nousn 832-10-° m®. Odmmit mpupocr KopHeli Bcero jepeBa (ec 
| ee pafluyc pacnpoctTpaHeHuaA KOpHeli paBHBIM palMycy MpoekKIHu KPOHHI, 

TuryOuny | Mm) papex 0,0026 m?. Sto anmb Ha 0,002 mM’, uu Ha 7% MeHbIe IpH- 
ocTa Hayj3zemMHOH yacTH *. II]pHHuMad BO BHHMaHHe OPHeHTHPOBOUHHI NOACcueT 
Iero IpHpocTa KOpHel, OU€BHAHO, MOXKHO CUNTATH, ITO MPHPOCT NOAZeMHOH u 
aJ3eCMHOH YacTeH KJI€Ha OCTPOJHMCTHOFO OMMHAKOB. 

TakuM O6pa3o0M, HaGJOJeHUA 3a POCTOM KOPHel KJIeHa OCTPOJIMCTHOYO B Te- 
He BereTalMOHHOrO NepHoOa NO3BONIAIOT YCTaHOBUTb HaJIHUHe PaBHbIX COOT- 
IWeHHH MexXy BeJIMYHHOM MpKpocta MOA3eMHOH UM Ha3eMHOH uacTel, a Co- 
cTaBJleHHe XOJa mpHpocta BO BpeMeHH — Takxe M COBMaseHHA MaKCHMAaJIb- 
(OH SHeEpruu pocta oOeux uacTeli JepeBa. 


BotaHvueckHit cay Tlocrynuao 
Axkayemuu HwayK YCCP 25 II 1959 


UMTMPOBAHHAA JIMTEPATYPA 


1K. Ladefoged, Untersuchungen iiber die Periodicitat im Ausbruch und Lange- 
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* T[pupocT Hai3eMHOli 4WaCTH BbIYMCNeH Kak MOBePXHOCTb yceyeHHOrO KOHYyCa MOC o6bem 
wiMHKu — nobera Tekyulero rosa. [IpupocT B TouMHy paBeH 4 vM. 
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300/IOTH fi 


K. C. APBY3OBA 


K BOMPOCY MPOHHWAEMOCTH OCHOBAHHA JOMMKOB 
BAJIAHYCOB (BALANUS IMPROVISUS DARWIN) 


(ITpedcmaeneno axademuxom E. H. Ilaeaoecxum 3 IV 1959) 


OOpactTaHue pacCTHTeIbHbIMH’ H YKMBOTHBIMH OPraHH3MaMM HaXOJAUIMXCA E 
MOpe CyMOB H THApOTeXHHueCKUX COOPyXeHHH MPHUYMHAeT SHAUMTEbHOe 3aTPYA 
HeHHe IPH SKCMMyaTalWW MOCMeMHUX WH MpHHOCHT OoJILWIMe 9KOHOMHYECKHE M0 
Tepu. HecomMHeHHoe BIMAHHe OKa3biBaeT OOPacTaHve HM Ha MpPOMecchl KOPposHk 
MeTaJiuIa B Mope (°). OHaKO JO HacTOAMero BPe€MeHH STOT BOTIpOcC ocTaeTCA He 
JOCTATOUHO H3YYeHHBIM, HECMOTPA Ha ero OOJIbITyIO akTYaIbHOCTH. B Oo/IbUIMH 
cTBe paOoT, NOCBAINeCHHBIX H3Y4eHHIO KOPPO3HH MeTaJJIOB B MOPe, YKa3biIBaeT 
CA TOJbKO BOSMOXKHAA POb OOPacTaHHA B KOPPOSHOHHBIX mporeccax (1, ”, 4) 
Boslee nospoOuble JaHHbie BYTOM OTHOLMICHHH NpHBOAATCA B padotax Jla Kat 
Kasnna (°) H B OoubUIOM CBOMHOM pa6oTe aMepHKaHCKHX aBTOpOB (7) 
Ilo sTHM JaHHbIM OOpa3s0BaHHe MeCTHOM KOPpO3HH (A3BMH) MeTaJiia Ha6JO 
asOcb NOX OTMePLIMMH OaJIAHYyCaMH, B TO BPeMA Kak TO] XUBbIMH OasInHyCaMu 
MUIaHKaMH, TpyOuaTbIMH YePBAMHM H BOJOPOCIAMM KOPpoO3HA OTCYTCTBOBaIAa 
Takada pasHulla OObACHAAaCh JeHCTBHeM Ha MeTAaJIJI IPOLYKTOB PasJIO*KeHuA OT 
MepIIHX OaIAHyCOB. O1HaKO TyTb NonalanuAd STHX MPOAYKTOB Ha HaAXOMAILy10Cs 
MOA OaAHyCaMH MeTaJJIHYeCKYIO MOBEPXHOCTb OCTAeTCA HEACHbIM, TaK KaK BO 
MpOC MPOHHWaeMOCTH U3BeECTKOBOFO OCHOBAHNA (IOMOWBbI) OMAKOB 6aJIAHYCOB 
HACKOJIbKO HaM H3BeCTHO, B JIMTepatype He ocBejeH. Mexkyly Tem OT pellieHHA 3TO 
rO BOMpoca 3aBHCHT NMOHHMaHHe MPONCXOLALLUX MpoOWeccoB, YTO HM MOGyAUIO aB 
Topa nmpoBectu B 1958 r. cooTBeTcTBylollee H3yueHHe OanaHycoB (Balanus im 
provisus Darwin). ; 

B paOote IpHMeHAJICA MeTOA MeYeHEIX aTOMOB. B KauecTBe paMoaKTUBHOrt 
WHAMNKaTopa Opi npHuAT Ca**B Buse comm Ca*°Cl,. BriOop Takoro MeToya 103BO 
JIA OMPeAeIHTb axe MaJible KoMYeCTBAa Ca’, 

Ja onpiros OaAHYCOB OTeIAIM OT PaKOBHH MUAH c HeMOBpexeHHO! 
NOWOWMBOK, YTO NPOBepsAOCcb NOX O“HOKysIApom. B nepByto rpynny BxXo_un KH 
Bble OaiHycpl (12 9K3.), KOHTPOJIEM JWIA KOTOPBIX CJY2KWIM Takue Ke OaslAHyct 
(6 9k3.), HOC NpeqHaMepeHHO NOBpexkAeHHOH NoxowBoH. Bropyro rpymny cocraB 
JIAJIH UCKYCCTBEHHO yOuThIe OaaHychl (18 9k3.), pa3s0xKeHHe KOTOPHIX Npoxosus 
B TeveHHe 7—20 cyToK. Bepxusia 4YacTb JOMUKOB BCeX OaJIAHYCOB, yYYaCTBYIOULE: 
B ONbITAX, [WIA H30AMMM OT MPOHHKHOBeHUA Ca*> BHYTPb JOMMKOB uepes HL 
onepKyJApHoe oTBepcTHe Obivia sakpbiTa MapacdHHoM. CneiuadbHo MpoBeyeHHBI 
HaOJIOJeHUA NOKasau, YTO Mapa:uH OYeHb TWIOTHO MpHTeKUT K OMUKy OaaA 
HyCOB H He lIpomyckaeT B Hero Ca*®. MopcKas Bola C pacTBOpeHHBIM B Heli Ca! 
MMeJIa akKTHBHOCTD 72 pw Cu/n. B Hee ToMelllasH XUBOTHEIX Ha 1 wan Ha 6 Yac 
Tlo OkoHYaHHM OMbITa JOMHKH OaAHYCOB CHapyxKH TULaTeIbHO OTMBIBaIH O 
pacTBOpa M30TONA KaJIbILMA HM TOTOBUM U3 HUX CJeLyioulMe npenapari: 1) Ten 
OamAHyCoB, 2) CTeHKH JOMUKOB, 3) KPBILIKH JOMUKOB u 4) NOsoMIBa JOMUKO 
OanHycos. M3mepeHne payucakTHBHOCTH OOCYUIeHHbIX MpenapaTos NpoBosHOc 
C MOMOLIbIo anmapata b-2 u TopuoBol cueTHOH TpyOKH. 
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| B pesyviprate onbiTos c mepBoli rpynnol GanaHycoB OblwI0 OOHapy2KeHO, UTO 
FHYTPb HX JOMUKOB Ca” He npouukaer. Tak, B Tee Oa AHHYCOB, a Tak>Ke Ha BHYT- 
\eCHHEH CTOPOHE CTEHOK, KPBIWeK HM MOOWBbI HX JOMHKOB MOsCueT MMIMYyJIbCOB 
[aul IpeBbILleHHe Hay (OHOM (ecTecTBeHHad payuallua BOsAyxa) He Gouee 22,9%, 
yTa BEJIMUMHA 3HAUMTebHO MEHbILe TOPO IIPeBbILICHHA Hal (POHOM, KOTOPOe MpH- 
ato yuntpiBaTb. Ilo MW. H. Bepxoxsckoii (*), Oo JOKHO ObITh He MeHbIe 50%. 
lofcueT 2ke UMMyJIbCOB Ha HapyXHOM CTOPOHE MOMOWBbI TeX Ke GaAHYCOB NO- 
;a3aJ1 SHAUMTEMbHYIO AKTHBHOCTb, KOTOPad B CpeHEM MpeBbICHa Be HUMHY 
poHa Ha 275%. YAHHeEHHe BPeMeHH BOSeHCTBUA PayMOaKTHBHLIM pacTBOpoM Ha 
PAIAHYCOB B STHX OMbITAX WO 6 Yac. HE H3MCHHJIO Pe3YMbTATOB OMNBITOB. 

B KOHTPOJbHbIX OMbITaX C OaIAHyCaMH, Y KOTOPHIX NOAOWBa Oblia uCKyC- 
| TBCHHO TOBpexTeHa, HaOsIOJaslocb IpOHHKHOBeHHe Ca*® BHyTpb ZomuKOB. Iog- 
‘YeT HMIYJIbCOB BHYTPH NOMHKOB NOKa3aJl MpeBbIIeHHe Haj POHOM, H3MeHsIO- 
leeca B pegemax oT 67 to 132%. i 

| B ecrecTBeHHbIX YCJIOBHAX Yy 2KMBbIX OaJIMHYyCOB, Kak IpaBusio, NoBpexyeHne 
IOAOWBLI JOMHKOB He HaOwofaeTca. TakuM O6pa3om, eCJIH OasIMHYCbI CHAT Ha 
feTaIMYeCKOH MOBEPXHOCTH, TO MPOYKTbI UX MKH3HEEATeEMbHOCTH, KOTOPbIE 
HakallIMBaloTcH B MaHTHHHOM MOOCTH, He MOryT MPOHHKHYTb Yepes MOJOMBY 
f CTATb IIPHUNHOM KOPPO3HH MeTasisa. 

 Bostopok rpynne y MepTBbix OaJIAHYyCOB (6 9K3.), pa30x%KeHHEe KOTOPbIX IpOXxo- 
as B TeyeHHe 7 HEH, UMCIO MMIlyIbCOB BHYTPH JOMHKOB (B Tee H Ha BHYTPeH- 
WX CTeHKAaX), KaK H B NepBOH rpymne C 2*XMBHIMM OalAHyCaMH, MpeBbIaso (oH 
fe Gouee em Ha 20,9%. CreqoBaTebHO, NOfouIBa TAakKHX OaJIAHYCOB OcTasacb 
HempOHulaemon. 

M3 6 OaaHycoB, pa3slIoweHHe KOTOPHIX MposomKanoch 14 zHeH, Ca* Opi 
pOHapy2keH BHYTPH JOMNUKa TONbKO y | aK3emMnuapa. IIpu 9TOM B Tesle HW Ha BHYT- 
beHHHX CT€HKAaX 3TOFO OaJIAHyCa AKTHBHOCTb JocTursa mpeBbuuenua 80% Hay 
IpOHOM. CyleqoBaTesIbHO, Ca*® IpOHHK BHYTPb JOMUKa GalaHyca vepes MOZOUBY, 
xOTOPad, NO-BUAMMOMY, UacTHYHO PacTBOpPHNach MOA WeHcTBHeEM MPOAYKTOB rHve- 
HHA WM CTasla B KaKOH-TO CTeNeHH MpOHHWaeMOH. STO MOATBepxKAaeTcA pesyJbTa- 
aMM OMbITOB C OTMePINHMH OaslAHycaMH, Ppa3sIO%KeHHE KOTOPHIX MPOMOMKasOcb 
PO mHet. B atux onpitax Ca*® Obl OOHapyxKeH BHYTPM MOMUKOB y BCex Hccweo- 
BAHHbIX OasIAHyCoB. Tak, CPe@MHAA AKTHBHOCTb BHYTPeCHHUX CTEHOK HX JOMHKOB 
ipesbicusia (ou Ha 162%, a Tena Ha 90%. Tak kak HM B 9THX OMbITaX MapacuH 
WIOTHO H30JIHPOBasl BepXHee OTBEPCTHe JOMHKOB OaJIAHyCOB, PpalWoaKkTHBHbIli 
DaCTBOP MOF IPOHHKHYTb BHYTPb UX JOMHKOB TOJbKO Yepes NoJowBy. PacTBope- 
He MOMOMIBbI MOO IPOH30UTH B WeHTpaJIbHOM YacTH, MMerIOleH BU HeMpaBHb- 
HOH 3Be3Zbl H CBOOOAHOH OT pafNasIbHO PacMOJIOXKeHHbIX Ha Hel H3BECTKOBBIX 
KaHasoB. TouluHa ITO YaCTH NOAOWIBLI, A3MepeHHaA HAMM Ha MOMepedHoM cpe- 
€ C MOMOULbIO MAKpocKona MMM-6, B cpeqHem coctaBuaeT 0,01284 mm. OnHako 
IpH MpocmoTpe HO OUHOKYJAPOM NOJOWBEI OTMepUINX OaAHHyCOB BHAUMBIX 
H3MCHEHHH B CTPOeCHHHM MOJOUBbI OOHAPYy2KeHO He ObWIO. PacrBopeHve NOOUIBHI 
DasslaralollHxcA OasIAHycCOB TpeOyeT, MO-BHAMMOMY, JOCTaTOUHO KOHIeHTpa- 
net MIpORYKTOB UX THHeHHA, a TaK2Ke BPEMEHH H MOSTOMY BOSMOXKHO TOJIbKO pH 
CJIOBMH MJIOTHO 3aKPbITHIX KPbILIeK JoMUKOB. B onmbiTe 93TO OCTHFAaJlOCb 3aJiH- 
tHeM KPbIleK MapacpHHOM; B eCT€CTBCHHBIX YCJIOBUAX OOMTAHHA Taka H30J AWA 
DT BHEWIHeEM CpebI BHYTPeHHeli YaCTH JOMHKa OTMePUIHX OaJIAHYCOB MOXeT TI0- 
lyuaTBca BCJIEACTBHe MJIOTHOFO NMOKPOBa H3 MINaHOK, ryOok MH Apyrux opraHus- 
(OB, OCEBIUHX Ha OanaHycax. Y OTMepmINX OaJIAHYCOB C OTKPBITHIMM KPbILUKaMU 
{IPOLYKTbI THHCHUA OYLyT BBIMbIBATbCA U3 BHYTPEHHOCTH JOMUKa, UM pacTBOpeHHA 
OMOWBbI He MpoHUsolijer. 

TakuM oOpasom, Halllv HaGJIOJeHHA 3a OTMEPIIHMH UU pasJiararoulMMUca Oa- 
AHYCAMU C H30JIMPOBaHHbIMH OT BHELIHeH CpeLbI ONePKyAPHbIMU OTBEPCTHAMH 
HOSBOJIAIOT 3AKJIOUUTb, YTO MOJOWIBa HX C TEUCHHEM BpemeHH (OT 2 Jo 3 Heeb) 
tTaHOBUTCA mpoHuttaemoiw. B stom cayyae MPOLYKTh! THHeHUA MPHKPeMeCHHbIX 
k MeTaJlIMUeCKOH MOBePXHOCTH OasIAHYCOB CMOryT MPOHUKHYTb Ha MeTaJJI Yepes 
ACTBOPHBINYIOCA MOJOMIBY M BbISBATh KOPPO3HOHHbIe Mporeccsl. 
| B pesysbTaTe MpOBeeHHBIX ONBITOB MbI MPHXOZMM K CJIeYIOULMM BbIBOLaM: 
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1. Tlogouimwa JOMMKOB XKMBbIX OaJIAHYCOB HeMPOHHIlaeMa JIA PacTBOPeHHO 
ro B MopcKoli Boje Ca*®’. MoxHo rpeqnowlaraTb, YTO OHA HeNPOHHIaeMa H [MIs 
MpOYKTOB O6MeHa OansHycos. TlosTomy KOppo3HA MeTaJJIa MOA %*UBbIMU Oa 
JIAHYCAMH HE MOXKET ObITb CJEACTBMEM JelcTBHA STHX MpPOAYKTOB Ha MeTaJIJI. 

2. Ilpu ormupanuu OaIAHYCOB C 3aKPbITBIMM KPbILIKaMH JOMHKOB OOpasyto 
ULHeCA MPOLYKTb! PpasJIOKeHHA MOCTEMeHHO PaCTBOPAIOT TOHKHe YaCTH MOJOLIBE 
JIOMUKa; TMOJOWIBa CTAHOBUTCA MpPpOHHWaeMOl Kak JIA PalMOaKTMBHOFO PacTBO 
pa, Tak 4 Jia MpOAyKTOB rHHeHHA OasaHycos. IlonafaHue moceqHUX Ha MeTAaJJ 
MOXET CHOCOOCTBOBaTb €FO KOPPO3HH. 

3. IlpoHuitaemMocTb MOJOUIBbI MOMHKOB pa3JiaraloulHXxCcA OaJIAHYCOB C 3aKPbI 
TbIMH KPbIlIKaMH NOABJIAeTCA Yepes 14—20 AHeH Nocule HX OTMMPaHAA. 


VucrutyT okeaHouornu Tlocrynuso 
Akajlemuu HaykK CCCP 2 1V 1959 
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Aoxknaanp Akagemun Hayr CCCP 
1959. Tom 127, Ne 2 


IKCHEPHMEHTAJIBHAA MOP@OJIOl‘H A 


A. B. 3ANLLEB 


| O COCTOAHMM THMO®H3A CAMOK OCETPA 
(ACIPENSER GULDENSTADTI PERSICUS BORODIN) 
NPW FUNOSM3APHOM WVHbBEKUMN 


(iTpedcmaeaexo axademuxom H. H. Il maaveaysenom 2 IV 1959) 


| LUlemb nacroslero uccleqoBaHud — BBIACHHTb, MO, BIMAHHeM KakOro ToHa- 
KOTPpONHOFO TOPMOHA MpOvCXOAMT CO3PeBaHHe HKPLI Y OCeTPOBbIX PbIO pH uc- 
T1OJIb30OBaHHH MeTOa runodusapHpIx unHbekuMhH H. JI. TepOunpckoro, unbimu 
(JIOBAMH — BbIJeIACTCA JIM TOHAOTPOMHEIM TopMoH 6a30cdusamu mMepeqHet 
(om coOcTBeHHOrO runodpu3a, Kak Mp eCTeCTBEHHOM Hepecte, WH %Ke Co3spe- 
saute HKPbl B AMYUHHKE MPOHCXOAMT NO BoO3LeHCTBHEM MHBUMMPOBaHHOrO To- 
aoTponHoro ropMoHa runopus3a. 

_ JlurepatypHble 2aHHble Kak MO M@aKPOCKOMMYeCKOMY CTPOeHHIO, TaK MH M0 
MuTOMOopdowJlorHu rHnopusa ocerpoBblx pblO HemMHOrouNcJeHHHI. Ulrexyenn (21) 
»mucbiBaer Ha Acipenser sturio sub O6mly1o Mopdosoruio runodusa ocerpo- 
bbIX pbIO, HO He pasOupaeT TOHKOFO CTPOeHHA UX aleHorunodu3a, 4TO, OLHaKO, 
bYCHb BaXKHO JIA MpaBHJIbHOM OMeHKH COCTOAHHA THMOdH3a B CBA3H C Mpolec- 
OM pa3MHOxKeHUA. B 3sTOM OTHOWEHHH OOMbIIOM HHTepec MpelcTaBsAeT WIA Hac 
baOora Bapauuuxkoson (1), u3yuaBlleH JOKaIM3alMIo TOHaOTponHOK dbyHKuMU 
+ runodbuse cesprioru (Acipenser stellatus). B sro pa6oTre 9kcnepuMeHTaJ bHO 
{0Ka3aHO, 4TO TOHaoTponHad PyHKUUA B TuNO*puse OCeTPOBbIX PbIO MOKaIH- 
syeTCA B BEHTPaJIbHOM HM JOPCabHOM 30HaX TlaBHOM JOM, YTO CBA3AHO C Mph- 
tyTCTBHeEM B HHX HavOoulbiuero KOMMUeCTBA Oa30PHJIbHbIX KJICTOK. 

Zio ynomManyToi Bpllte padoTh'bapaHHuKoBOH ObWIO M3BeCTHO (*,°) JIMIb 
fO, UTO TOHaNOTpoNnHad PYHKIUMA OCeETPOBbIX PbIO CBA3AHA C AKTHBHOHM eATEJIb- 
HOCTbIO MepeqHel Jou. 

Kpome Toro, B padore C. A. Mpanopon (*) rucrosormyeckH MCCIeOBaIMCb 
‘OHA, UIMTOBUAHaA 2%Kemesa u runodus crepsagu (Acipenser ruthenus) mpu 
tojlep2KaHHH B eCTCCTBCHHBIX Pe4HbIX HM MpYOBLIX YCOBMAX, Tle MoKasana 
recHad (pyHKIMMOHaJIbHad B3AHMOCBA3b STUX Kees. HauOomee ApKO OHA MpoOsB- 
IsJlacb B IIpeHepecTOBbI HM HepeCTOBbI MepHOpI. 
| Han6osee noqpoOHo aHalusupyerca B MTepaType MocseHepecToBoe CocTos- 
4ue rumocu3a y pblO wa rpynne KocructTpIx (Teleostei). 
| Kak ycraHopjeHo Hamu pauee (°,°), HauOojlee peskve H3MeHEHHA MHKpO- 
?TPYKTYPbI FUNOMU3a, CBASAHHbIe C MpPOABJeHHeM ero roHayoOTponHoK PyHKUMH, 
{aOJOMalOTcA Y KOCTHCTHIX PbIO B MepexoMHOH 30He, a He B NpoMexyTOUHOK 
joule, KaK 9TO MpeMNOMarasocb HEKOTOPBIMH HCCeLoBaTeAMH ”,°,°). BaicKa- 
aHHad HaMH TOUKAa 3peHHA NMOATBepxKAaeTcH B MocMesHee BpeMA HOBO pado- 
a D> 
Jia pemienua nocTaBleHHOH Bblllle 3ayauu Hamu OOpadoTaHbl SHAOKPHHHbIe 
Kele3bl (rumopu3 WM AWUHHKH) KypHHcKoro ocerpa (Acipenser gildenstadti 
Nersicus), 1106e3HO CoOpanuble u mpegocrapmenubie Ham M1. A. Cazospim (1956— 
1958 rr., Kypwuckuit ocerpoBbiii 9kcrnepHMeHTaJIbHbIit pbi603aBo)). Marepuan 
SbUL B3AT OT PbIO, ECTeCTBCHHO CO3PeBINMX B KPyrOBOM Gacceline Jlepxxapnna 
IpH Temuepatype Bosh 16—22°, u or ppiO, cospeBluMx MpH 12—-15° nocne uHt- 
2KIMM TuMopusapHol cycnensuu mo Merogy H. JI. PepOunscxoro. B o6oux cay- 
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16 3axa3a 1810 


YadX MPMMeHAJIOCb IpekBapHTebHOe BbIepxHBaHHe CAMOK B MalHCTPaJIbHOM 
KaHalle. 

@uKcaTOpoM WIA AMYHUKOB CAywKUIa 2WuAKOCTh byava, Wit TunopusoB — 
x*KuKocTs Tenn. [lapadwnospie cpe3bl TowuMHOK B 6—8 pw oKpaliMBanNch 
a3aHOBbIM MeToyoMm no Tefiyeuraliny, JIA AHYHHKOB, KPOMe TOPO, NPHMeHANaCch 
oKpacka TeMaTOKCHIMHOM m0 KapauuH MH MeTHJIOBbIM CHHHM — 303HHOM. 

Ilpu moptbosoruyecKoM aHasluse COCTOAHH A TUMOPH3a MbI NOCTOAHHO Opan 
monepeyHbli paspes mpocBera MexAYy KJeTOUHbIMH TAVKAMU U3 Oasocuib Hon 
(B Hallie OOO3Ha¥eHHH), HIM BeHTpasbHOH (B OOosHayeHHM BapaHHuKkoBoli (*)) 
30HbI Mepeduelt JOM xellesbl, IpwiexalleH K runodusapHou wWemM (ocTaTKy 
noulocTH KapMaHa Parka), pa3jleJIMi0lleH NepeXHIoIO H MpoMexyTOUHyIO JOM 
(puc. 1). B 9ToM MecTe YeTKO IIpesCTaBJIeHbI BC€ OCHOBHbIe KJICTOUHbIC H TKAHeBBIE 
CTPyKTYPbI OplaHa, H MOXKHO XOPOWIO MpOCeAMTh XapakTep CeKpellMH *KeJle- 
3HCTHIX KJICTOK, BbIJeAIOULMX TOHAaMOTpONHBI ropmou (7,”). 

Tlepexoqi K W3JIOXKeHHIO Pe3yJIbTAaTOB COOCTBEHHBIX HCCefOBaHHH, pac- 
CMOTPHM CHa¥aJla 2KeJIe3bI, BSATbIE OT BeECCHHHX CaMOK OCeTpa, OTCa%KeHHbIX 
BMecTe C CaMIlaMH B KpyroBoli Gaccelin JlepxxaBuna (*) via Hepecta. 

Tunocu3pl B STOM CIyuae ObWIM B3ATbI OT TpeX CaMOK OCeTpa NOCe OBYJA- 
WMH; y BCeX HCCeEOBaHHbIX CaMOK MUKPpOCTpyKTypa YTHMO@w3a OKasaJaCb 
BeCbMa CXOJHOM, MOSTOMY MbI MpHBOAMM WHTOMOpdosoruuecKy1o XapaKkTepH- 
CTHKY JIMIIb OMHOM H3 HUX. CamKa oceTpa Oba NocaxkeHa B MarCcTpaJIbHbIM 
Kanal 16 IV 1958 r., a 7 V ona Oba MOMelleHa B KpyroBok OacceliH, re vepes 
CYTKM IIpuliiia B COCTOAHMe Hepecta, H OT Hee Oba NOMyYeHa UKpa. 

Muxpockonuueckui aHalu3 (puc. 2) moKasa cileqyroulee. TKaHb aJeHOrH- 
nodu3a Kpaiine ucTouleHa H paspbixsieHa. MecTaMH B KJICETOUHBIX TAKAX XOPOMIC 
BbIPAKeHbI MexKKNeTOUHIe WeH. IIpocBer KeTOUHBIX THKeH BLIPAKeH XOPOLIO, 
WM MeCTaMU B HEM COXpaHHJICA CeKpeT, B CKOMJICHHH KOTOPOTO BCTpeyaloTCA CBeT- 
JIbIe MHOFOUHCJICHHbI€ BaKYOJIM, a TakxKe HaOsOAalOTCA KaPTHHb! pesopOuuH. 
Ba30pusbl mpescTaBJieHbl JIMWb OLHOM rpynnouk KJeTOK, TOHKO3ePHUCTaA Mas: 
Ma KOTOPbIX TOMOreHHa H OJIeHO OKpallieHa B (PHOJIeETOBO-po30BbIi WBeT. B pe 
3yJIbTaTe Ce€KPellMH STH KJIETKH MOTepsAM Oa30c:HJIbHyIO 3ePHHCTOCTD. 

Anpa OasosusoB cTporo pacnoularaiwoTcA B aMWKaJIbHOH YaCTH KJIeETOK, 4TO. 
OYeBHIHO, CBA3AHO C OMYCTOWIeHHeM KJI€TOK BO BP€MA HX AKTHBHOW CekpellMn 
BakyouleH O4eHb MaJIO; HMerolMecA — yallle BCero pacnOslaraloTcA MEK]y AX 
POM HM anWKaJIbHbIM KOHIOM KJIeTKH (puc. 2). 

Bce onvcaHHoe BbIllle CBHJeTebcTByeT 06 AKTHBHOM ceKkpelluu rumodusa ¥ 
O pesopOunH u noTpeOeHHH CeKpeTa CaMHM OpraHvH3MOM. 

Tunou3bl NATH BbIep2KaHHbIX CaMOK OCeTPa, MOABePrHyThIX elCTBHIO TH 
nodpHsapHoH HHbeCKIMH WM 3aOUTHIX NoCJe OBYJAUMH UKPbl, OKa3aJMCb B MaJO 
aKTHBHOM COCTOAHHH: UX Oas0HJbl CosepxaH rpyOosepHucry1o, rereporeH 
HYyfO Mvla3My HM BakyOJIM pa3JIM4HOrO KauecTBa H KOWMUecTBa. Kak HanOoe 
XapaKTepHblM IIpHMep paccMoTpHM runodus camKu ocerpa Ne 3594 (puc. 3) 
Ona Obwla OTCaxKeHa Ha BbIepKUBaAHHe B MAarMcTpabubii Kana 10 IV 1956 r. 
a 18 IV ei Oblm0 uHbeLMpOBaHO 50 Mr alleTOHHPOBaHHOrO CeBplOxKbero THO 
cbusa. CamKa co3peia H Oblwia 3a6uTa yepes 24 uaca nocme HHBEKIMH. 

B nepequet Joule alenornnopu3a runoc:v3upOBaHHBIX CaMOK (puc. 3) B Kule 
TOUHBIX TH2%KAX KJeTKM YaCTO pacnOsaralwoTcA JBYMA CJOAMM: Ha UX paspes 
HeMOCpeCTBCHHO BOKPyF MpocBeTa MepBbIM CJIOeEM pacHOaralorTca y3kKve Xpo 
MOMOOHbIe KIETKH C MeJIKOSEPHUCTOH TOMOreHHOHM Ma3MOli HM CBeTJIbIM OKPYT 
JIBIM AMPOM CpeHero pasMepa, COMepxHKaluM PeskKO alu JoduIbHOe ALPbUUKO 
IIpu3HakoB CeKpelluu Take KeTKH He OOHapy2KuBalor. Ha nepucbepuu cpe3 
pacnoularaeTCaA BTOPOH COM K/IeTOK, MOMHOCTbIO COXpaHUBIUMA CBO 6as0cwb 
Hble CBolicTBa. Cpeqw HHX 4eTKO pazMyaIOTCA Be rpynmbl Oasodunos *: 


* @yHKUMOHAIbHOe 3HaYeHHe ONMCaHHbIX BbIWe ABYX PoOJOB 6a30:PHAbHBIX KMeTOK MBI H 
o6cyKaeM, TaK KaK 9TO He BXOJMO B Hallly Mpamylo saqauy. B nactosmee BPeMA H3BeCcTe 
metox Mak Manyca (15) u Xouxuca (14) qa rucTOXMMMYECKOFO BHIABJICHHA B KIeTKaX alleHorunc 
cbusa momucaxapuypos.llosquee ITupe (196), a 3atem Kourton (196,13), ucnomb3ya 3ToOT MeTO], HC 
CMeoBanH CoLep2Kanke TlOKOMpOTevAoB B XpoModHsaxX MepeqHeli Jon runocbusa caMoK KpbI 
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Puc. 1. Carutranbublit paspe3 rumodus3a ocerpa (Acipenser 
giildenstidti persicus). AsaH mo Yeliqenraiiny. Muxpo- 
niaHap. O6ujee ypen. 18 x. 1 — KopHH Helporunodusa 
WM uacTb HHyHIHOyayM, 2 — npomexkyTouHaa Jona, 3 — 
OcTaTOK NOMOCTH KapMaHa Patke, 4 — BeHTpasIbHaA 30Ha 
nepeyzHeli tomu, 5 — uccneqyeMblli yuacTOoK BeHTpaub- 
HOH (GasoubHOH) 30HH, 6, 7 — opcambHad 30Ha Nepel- 
Heli 201M 


Puc. 2. IlonepesHpit paspe3 KneTOUHbIX TA2KeH H3 BeHT- 
paibHol (6a30cubHOH) 30ubI MepeqHehH RonM runodusa 
camku ocetpa (Acipenser giildenstidti persicus) mocne He- 
pecta B Oacceline J[epxasuna. A3an mo Tenpenraliny. 
Ox. 7, 06. 90 x. 1 — MexkkKmeTOUHbIe Ulenmu, 2 — 6a30- 
(ub C TOMOreHHO WiasMol, yTepxABuIMe Oas0cuJIbHyIO 
3epHHCTOCTb, 3 — eAMHHUHbIe MemKHe BakyouH, 4 — mpo- 
CBeT M@7KY KJICTOUHLIMH TAKAaMH, 3allOJIHeHHbIi 6a30- 
(PHJIbHBIM BaKYOMH3iPpOBaHHbIM CeKpeToM, 5 — afpa 6a30- 
(PHIOB CUBUHYIMCb K alKaIbHOM YacTH KeTOK 


JAH, rt. 427, Ne 2, Satines 


iW 
il 


OKpallleHHble Ha lipeliapate B (puOJleTOBLI UBeT C TOMOreHHOM mMla3smoii, 
a6o allHopuJIbHbIMH ApaMu, JIMIMeHHbIe BaKyoJeli, C OTIeMbHBIMH rpany- 
aMH, 2) OKpallleHHble Ha Mipemapate B roulyOoH WBeT, C FereporeHHOH ma3- 
M, C allMOPWIbHDIMM spamMu MH OOJbINMM KOMUeCTBOM M@IKUX HeH3JIMTHIX 
ikyoJleH, MHOPa B HX 3aMeTHbI CLMHHUHbIe KPyMHble BAKYOJI B pasIM4HOM 
PCTOAHMM — OHH MOryT COJepKaTb KaK 2%KHAKUM, TAK HM IWJIOTHbIN Cekper. Ta- 
HM OOpasoM, B pa3HbIX KJleTKax MepHdbepuyeckux Oas0HOB Ha Cpese KsleTOU- 
pIX TAKEH HAaOJOMaercA pasHOe KOJIMYeECTBO HM KayeCTBO CeKpera. 


Puc. 3. Ilomepeunblii paspes KeTOUHbIX TAKE U3 BEHTPaNb- 
HOH (Oas0puIbHOH) 3OHBI NepeqHeH om runodusa runodu- 
3UpoBaHHol camKuH oceTpa (Acipenser giildenstadti persicus). 
A3au mio Tetmenratiny, Ox. 7, 06. 90x. 1 — co xpomo- 
oOubIxX K-leTOK, 2 — cou 2 rpynnm XpoModiIbHBIX KJeTOK, 
COXpaHHBINMxX O6a30PusbHy!IO 2epHucTocTs, 2a — Gasousp! 
6e3 Bakyouei, 20 — Oasouubl c BaKyONAMM, 3 — BaKYOJH B 
Oas0punax, 4 — coeAHHATeIbHOTKaHHaA TWpocsmoukKa, orpanu- 
uHBalollad paspe3 KIeTOUHOTO TxHKa MepemHen Qomu, 5 — 
TpocBeT M@Ky KJIETOUHBIMH TAKAaMH HW CKONMeHHe 6a30- 
(uUJIbHOTO cekpeta 


Bo Bcex STHX KileTKaX Apa pacmpeseleubl B Oasa/lbHOH WM cpeqHeH ux 
CTH, 4TO, OYEBHAHO, MOXKHO CBA3ATb C OTCYTCTBHEM KaPTHHb!I 3aKOHOMePHOK 
*KPeCWMH TOPMOHA, JIA KOTOPOM XapaKTepHO, KaK MbI BAe Bpute, CABMTa- 
He Afipa B alWKaJIbHYIO YaCTb KJeTKM (CM. pHc. 2). 
_ Kpome runocbu3on ocerpa B HallleM pacnopa2KeHHN OLWIM TakxKe MHTYHTAp- 
BIE 2KeMeSbI OT THNOMUSHPOBAHHbIX CaMOK CeBpIOrM HW Wwuna. PaccmoTpenue co- 
‘OAHUA UX THNOPH3a NoCIe MHBEKIMM NOKAa3aJlo OoJbioe CXOACTBO C OMHCAaH- 
DIMM BILE KapTHHaMH B %KeJlese CaMOK oOCceTpa. 
_ Takum o6pasoM, CpaBHUTebHOe WUTOMOpdoJoruyeckoe UucceNOBaHHe Co- 
‘OAHMA TuModu3sa CaMOK oOCeTPa, OBYJMPOBaBIUMX pM cosepxKaHUH Mpou3- 
MHTeNeH B KPyrOBOM OacceiHe JlepxaBuHa, HM CaMOK, OBYy/JMpOBaBWWUX No- 
i€ [pMMeHeHua runotbu3sapHok unbekuuu TepOunbcKoro, no3sBOAIOT HaM 
OMUTH K CJIeJLYIOULeMY 3aKJIIOUCHHIO: Y CaMOK OCeTPa, B3ATHIX H3 GacceliHa Lep- 


TAHOBUB IIpH STOM KOJIMUECTBEHHYIO 3ABHCHMOCTb COJep2KaHHA BbIWWeyKa3aHHbIX BeILeECTB Ha 
3AMUHBIX CTaIMAX MoONOROTO WAKA (WHT. mo (1°a)). Tucroxumuueckoe Moxpasgqeseune Oas0cpu- 
B TepesuHei oH runocbu3a MIeKOMMTAaOulHX (KpPbIC) BKIOUaeT HM HeaBHO ONyOMKOBaHHAaA 
6Oora E. B. Ilasnoson (198). B oTHouleHuH xe 6as0c:pHIbHbIX KeTOK Mepequelt NOM runousa 
ETPOBLIX pbIO TakOrO pofla HCCeqOBaHHA elle HE MpOBOLMJHCh. 
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waBHHa mocle Hepecta, Ha6mofanacb XapakTepHad MopdosoruyuecKkaA OLN 
KaueCTBCHHOCTh Oa30*PHJIbHbIX KJIeTOK, ABMBIWWAACA CJleCTBHeEM UX AKTHBHO 
CeKpeTOpHOH JeATeIbHOCTH, CBASAHHOH C BbIeeHHeM TOHAAOTPOMHOTO TO} 
MoHa. Co3peBaHHe MKpbI M OBYJIAWMA y STUX PIO, OYEBMAHO, NPOUWM Mo] BO 
JlelicTBHeM TOHaOTponHOrO TOPMOHA TOKO co6cTBeHHoro runodusa. 

B otmune of 9Toro B runodusax pHi, MOABeprHyTEIX HHFeEKIMH Funod! 
3apHO CYCMeH3HH, MbI HaOMOJalM pasiM4HbIe THMbI OasO0*uJIbHbIX KJeTO! 
HeKOTOPble H3 HUX OOHAPYKUBAaIH CaOble MPHSHaKU CeKPeTOPHOK LeATebHOCTI 
He uck10ueHa BO3MOXKHOCTb, YTO MOCMeLHAA Mora ObITh BHISBAHA BJIMAHHE 
CaMIOB MpH COBMeCTHOM HX COJepxaHHM C CaMKaMM B TeyeHHe 8 CyTOK Hp 
HepeCTOBLIX TeMNepaTypax, OMHAKO B OOJIbINMHCTBE KJIeTOK B IWTOMIAsMe HaOJIk 
jlaloch COxXpaHeHve Oa3s0cpuHu, HallMuMe BakyoJleH M TpaHyJl, XaoTHUeCK( 
pacipefleieHne ajep B KJleTKaX — BCE 9TO CBUAeCTEIbCTBYET JIMUIb O HaKONJICHH 
TrOpMoHa H OO OTCYTCTBHH CeKpelMM KJIeTOK. 

Takum o6pa3oM, BBeJeHHbI TOpMOH, OYeBHAHO, He CTUMyMpyeT runopk 
XO3AMHA, H OBYJIAWMA UKPbl MPOXOJMT B OCHOBHOM 3a C¥eT BBEJEHHOTO TOPMOH: 


WUuctatyT MopiovoruH 2KHBOTHBIX Tloctynn10 
um. A. H. Cepeptiona 20 II] 1959 
Axkajlemuu HayK CCCP 
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Hornayo Akaygemuu nayr CCCP 
1959. Tom 127, Ne 2 


PHSHOJOTH A 


K. C. JIOBbIHLEB 


0 BACKY JIAPH3ALLMH CKEJIETHbIX MBI HW EE A3MEHEHAM 
“MPH TPEHHPOBKE 


(Tpedcmaeaexo axademuxom H. H. Axnuuxoeoim 12 III 1959) 


Oco6eHHOCTH KPOBOCHAOXKeCHHA CKEJIETHBIX MBI, B CBH3M C UX (byHKMel 
| eee HefoctaTouHo. Mmeroulueca B ITOH OOJacTH paOoTbl MaJIOUHCIeHHBI Hu 
POTHBOpPeuMBpI. OAHU uccweqoBatemu (*, 2) MoaramM, YTO HETOHHYECKHE MBILU- 
pl HMeIOT JIyuLee KpOBOCHaO*KeHHe MO CpaBHeHHIO C TOHMYecKUMH. JI pyrne (°) 
eras TIPOTHBONMOJIOXKHOe MHeHHe. Tperbu (*) Boodle He Haxo,MuIn 
{KaKUX pa3JIHUHH B BaCKYJAPH3alWu CTaTHYeCKHX WM AMHAMHUYeECKUX MBI. 
IlpeoOpa3o0Banne cocyMCTorO pycila B MbIUMLaxX NO BIMAHHEM peryJApHbIX 
H3M4eCKHX Harpy30K BbIACHeHO elle B MeHbieH creneHu. B focrynHo Ham 
iTepaType MBI HaIlIJIM JIMUIb WBe paOoTH 10 aToMy Bompocy (°, °). OcHOBHBIM 
bOcTaTKOM MX, KPOMe IIPOTHBOPeCUHBBIX BbIBOJOB, ABJIACTCA HTHOPpHpoBaHue 
ApakTepa (bu3sHyecKOH Harpy3KH HM oOcoOeHHOCTeH yHKUNH. 

OG6beKTOM IIA HCCENOBAHUA CYR MOJOBOSPeJIbIe OeJIbIe Mb, NOL06- 
HHbie 10 Becy HM BoOspacTy. PKMBOTHHIC OblIH pasOHTbI Ha TPH rpynnb no 
oco6eH B Kako. OfHa U3 py ABMANAaCb KOHTPOJbHON, Apyraa nmopBep- 
Jlacb MHaMMYeCKOH TPpeHHpoBKe (MlaBaHHe), a TPeTbA BbINOMHANA paboTy 
‘aTHuecKoro THMa (BUC Ha BeEPTHKaJIbHOM IWecTe Ha BOOM). OOa Buxa TpeHH- 
DBOK MIpOBOWJINCh exkeqHeEBHO. HauuHasmuch ynpaxkuHenua c | Mun. SaTem ux 
DOJOJKUTCJIbHOCTh MOCTENe€HHO BOSpactasa, MU K 2,5 Mec. WocTurasa | yaca, 
alee ocTaBadch HeH3MeHHOH. Matepuad WIA u3syueHHA 3a0MpaJicA B Ba Cpo- 
a: uepes 5 uw 10 mec. mocule Hauasia onbita. Y HapKOTH3HpoOBaHHOFO SUpoM 
MBOTHOFO BCKpbIBalacb rpyfuaa KueTKa. Tloq HuxKHIOIO MOJy!0 BeHY MOJBO- 
qlacb JiuraTypa, Mocule uero 9TOT cocyy MepecekaJicA JIA BbINyCKa KPOBH. 
Id MOJIyYeHHA OMMHAKOBbIX YCJIOBHH BO BDPeMA WHbEKIMH MbI IIpHMe- 
iM mpocroi, Ho adpexTuBunil cnocod. UWinpum Pexopy, c HacakenHoi 
| Hero pe3HHOBOH TpyOouKOH HM CTeKJIAHHOM KaHIOJeH, 3anOJHAJICA Mpo- 
JIbTpOBaHHOH uM ofsorperow Jo 38° typ. Tako mpHOop s3axkpen- 
Jica B wraTHBe ByH3eHa BePTHKaJIbHO, MOPWIHeEM BBePX, a pe3HHOBaA 
yOouKa fepexBaTbiBalacb 3axKuMoM Koxepa. Ha Mmopiuienb wuimputla 
TaHaBMBalacb THpbKa BecoM B 100 r. KanHioA BBOsMsacb yepes JeBbIi 
SyoueK B aOpTy HM PUKCHPOBaach MuraTypoH, HaoxwKeHHOK Ha cepsue. 
DTOM 3a2KHM Koxepa CHMMaJICa, M TYIIb HaYMHadla NOCTyMaTb B COCyAbI. To- 
euue ee MOpUHH BBOAHJNCh MPH eperavHyTOH JuraTypow HwxKHeH Noon 
He M rpyse, yBeHYeHHOM Jo 150 r. Testo 2MBOTHOFO OCTaBIIAJIOCb B TAKOM 
| ae HECKOJIbKO YaCOB, a 3aTEM Te€peHOCHJOCb B PacTBOP HeMTpaJH30- 
HHoro dopmasuua (1:9). [na uccnenopaHua Opanucb m. soleus u vastus 
feralis. Panee (*) 6piI0 NoKa3aHO, TO NepBaA M3 HUX COCTOUT H3 TOHHYECKHX, 
BTOPaA H3 HETOHHYCCKUX MBIWICYHbIX BOJIOKOH. 
Jlocne 3anMBKW B WeIMOMAMH-Napapun KyCOUKM paslarayiHCb Ha CepHadb- 
1€ CPe3bi, IPHYeM MpoOMbHBle UMeMM ToOMMMHYy B25 p, a MOMePeyHBIe BO p. 
yKpacKka OCYILECTBIANACh 903MHOM. Ha nonepeuHbix Cpesax MpousBoAMJIcH 
qcueT Karusaapos. KomMuecTBo cocyoB MpHBOMMJOCh K 1 mM?, 
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Visyyenve mpemaparos nokasalo OOn/IMe KaNHJIJIAPOB B Mm. soleus, HX upe3’ 
BbIYaLHO U3BHJHCTILi XO, UM YACTHIe AHACTOMOSBI, BCJIeEACTBHe Yero CocyAbI OOpa: 


Ta6auuma ft 


Mopdo-@usvo-| Uncao < Mecrtupie apaxies 
wmoruyecKkan Kanud- o apaKTepucTHKa pacwupe- 
Moriya CADALTEDHCTHL OLADOE ? Hus Rania) OO BacrOmosEl KanvsApHou 
2G Pp PpoB’ | xoqa KanusAApOB ceTH 
Ka MBILILJbI B 1 MM? JIAPOB 
m. soleus Tounyeckaa | 2900 Pesko u3Busmu- | Ecrtb Uacrpie YsxKonet- 
CTHIH JIMCTHIM 
m. vastus la-| Heronnue- 2100 Bowlee mpsMo- Her Bomee peg- | Uupoxoner- 
teralis cKaa JIMHeHHbI KHe JIMCTbIM 


BYIOT 3€Cb Y3KOMETJHCTYIO CeTb. 


Uacro, ocoOeHHO B aHaCTOMO3aX, KalHJIJIApb 
HMeIOoT pacuiMpeHua (puc. 1). Lyudposnie ZaHHble O COfep*KaHHH COCYAOB E 


MbILUICUHOH 
TaO Ia, Lowa DUC: 


TKaHH 


TIPHBeeHbI BB 
2a eMOHCTpHpyel 


rycTOTy UX pacnoJox*wKenHa. 

Bm. vastus lateralis kanwu- 
JiApbl pacnoviaraioTrca O MpenMy- 
WleCTBy TOKE BO/b MbILMIeYHBIX 
BOJIOKOH, HO 3/,@Cb OHH ABJIAIOTCH 
Oouee MPAMbIMH HM HMeIOT MeHbIIE 
aHaCTOMO30B, ToueMy oOOpa3yemas 
MMH CeTb UMeeT UIMpOKOMeTVIMCTHIE 
xapaktep (pyc. 3a). 

Heo6xofuMo MpH3HaTb, YTO OCO- 
6e€HHOCTH (PYHKUHH MbILUIbI ABJIAIOT- 
CA OCHOBHbIM (aKTOPOM, OMpeeJAt0- 
IMM TaKylO pasHHLly B BaCKYJIApH- 
3auun. Kak H3BeCTHO, KaMOaJIOBMI- 
Had MbIliilla BbINOJHAeT padoTy MC 
(bukcal\uu rowlenocronHoro cycraBa. BeneacrBue 9TOro COKpallleHHe MbIMUeu: 


HbIX BOJIOKOH HOCHT VIMTebHbIM, TOHHYecKHHM xapakTep. I[Ipu 3TOM, ecrTeCcT: 
BeHHO, IIPHTOK KpOBH K padorarollemy 


oprany sarpyusetca (*). Muorougn- 
CJICHHOCTh COCYOB B MbIIILe H OOusHeE 


Puc. 1. Pacuimpenusa B avacTomMosax H M0 xogy 
kKanwaaapos BT. soleus. Tyuib, 203nH, 900 


TaoOmuna 2 


aHaCTOMO30B MexKjly HHMH KOMIMeHCH- peers 
PY!OT BOSHHMKaIOllMH HefocTaTOK B MH- re: 
TaHHH. ees g ae | £8 
O6pruHad padoram. vastus lateralis nae Rode eae) 
COCTOHT B pasruOaHHH KOJIeHHOrO Ccy- a eee 
crapa. Upesppmualinad nmoBYxKHOCTb 
CeOH Mb HM cnocoOHOcTh rppi3y- m. soleus 2900 | 3920 | 2385 
HOB K PHKOINeTHpyiOuleMy Mpbekky (°) mm. vastus lateralis! 2100 | 3745 | 3223 


mpuqawr dyHwuu storo myckysa gu- 
HaMMYeCKHH Xapaktep. Syecb HeT Lwu- 
T@JIbHBIX COKPAallleHuH, a CJleMOBaTebHO, HET WM TeX 3aTPyAHeEHM LA Kpo 
BOTOKa, KOTOPBIC MbI BHeH B m. soleus. Tlostomy ygopmeTBopHuTebHO 
KPOBOCHaOKeHHe JOCTHTAaeTCA H MPH MeHbINeM nee cocyOB Ha e]HHHIL 
nJIoulayu. | 

Yi3y4eHue SKCIepHMeHTasbHOrO MaTepvadia moKa3ado, uTO no, BIMAHHE! 
pery JIA pHBIXx cpusnyeckux Harpy30K BaCKyJIAPH3allHA MbILIIL Mensetca. Xe 
PakTep HSMCHCHHH 3aBUCHT OT Bla BbINOJHAeCMOM padoThl. Tlpu craTHuecko 
Hapyske — BuCce Ha wWecTe — B KaMOaJIOBHAHOH MbIILe W3BUJIMCTOCTh KpoBE 
HOCHBIX COCYJOB ellie Ooulee Bospactaer. O6mlee uncaoO KaNWJJIAPOB HU aHacrT¢ 
MO3OB M@*K]ly HHMM yBeM4MBaeTCA (puc. 26). [pu niapanuu xe Kana pI 
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IIIPAMJIAIOTCA, CTAHOBACh MeHEC H3BHTbIMH, a KOJIMYCCTBO HX HeCKOJbKO 
Menbilaetca (Ta6n. 2, puc. 26). Buenom Kpopenocuan ceTh CraHOBUTca MeHee 
CTOH M Oovlee BEITAHYTOM BAOb OCH MBH. 
_ Usmenenusa B crpyKtype Kposenccuoii cern m. vastus lateralis umerr cae- 
yioulM Xapaxkrep. IIpu naaBanun KanuaAApN3alUA MbILeUHBIX BOJOKOH 3a- 
e€THO Bospactaer. Xoj cocyAoB Jeuaetes ene Gomee IIPAMOJIMHEHHBIM (pue. 3@). 
TaTHYecKan we ee padoTa peskO H3MeHseT XapaKTep KPOBCHOCHOM ceTH: xo 


uc. 2, PacnooxeHHe KPOBeHOCHbIX cocyoB m. soleus Ha’ MomepeyHbIx cpesax. a — Ho Tpe- 
ipOBKH, 6 — mocme 10 Mec. craTHyecKol paOoTbl, 6 — mocne 10 mec. AHHaMMUeCKOH paOoTHI. 
Tym, 903HH, 140« 


AIIHJIJIAPOB CTAHOBHTCA UPe3BbIYaHHO H3BHTHIM (PHC. 36), a KOMMYeCTBO UX Pe3KO 
3eMuNBaercA. YCTaHOBJICHHbI€C CTPYKTYPHbIe H3MeCHEHHA KPOBEHOCHOM CeTH 
IOHE COOTBETCTBYIOT HOBbIM (PYHKIHOHAJIbHbIM YCJIOBHAM, BOSHHKIIMM B pe- 
ibTaTe TPpeHHpoBKH. IIpn Buce’ AVIMTeJIbHOCTb COKPalleHHA MbIIIeUHBIX 9JIe- 
SHTOB OOECHX MBI pe3KO BO3PaCTaeT, UTO HE MOXKET HE CKa3aTbCA Ha 3aTPYJ- 
HHH KpoBoToKa. [Ipucnoco6sleHHeM K H3MeCHHBIIMMCA YCJIOBHAM KpoOBocHa6- 
CHUA ABJIACTCA YBeIMYCHHE YMCA KalMJJIAPOB HM aHACTOMO30B MexKy HHMH, 
TakxKe Oo/blllad HX M3BUJIMCTOCTb. ; 

IIpu niapaHuu MyCKyJlaTypa KOHe4HOCTeH BpIMOJIHACT B OCHOBHOM JIOKO- 
TOpHYy!IO pyHKWMIO: ObICTpHle HM JHEPrWUHBIe COKPAleHHA CMCHAIOTCA CTOJIb 
e ObICTPbIMM PpacclaOJIeHHAMH, BO BPeMA KOTOPHIX HM MpOMCXOLNT peskoe 
usleHHe IpuToKa KposH (*). [lia Toro uroOpl oOerguTb MPOXOK CHE YBEIH- 
HHOTO KOJIMUeCTBA KPOBM B MbIIlUMax, BbIrO,eH Ooslee MpAMOMMHeMHBIM xo] 
CYOB HW MeHbINee KOJMYeCTBO aHaCTOMO30B MexKAy HMM. To M Apyroe MbI 
VIMM B OOCHX MbIlax. B OTHOWICHHM KOJIMYeCTBa COCYOB, NPpHXOAALIUXcA 
. | MM? momepeuHoro CeYeHHA, Pe3yJbTATHI OMbITOB NoMyuarorca Oomee CJO%K- 
ie. Ecau Bp m. vastus lateralis kommuecTBo cocyOB BospacTaeT, TO B Mm. So- 
1S OHO H€CKOJIbKO YMeHbIlaeTCA. ODTOMY MO*KHO HaliTU CJIeMyioulee OObACHE- 
ie. Jia nepBot MbIMEI WiaBaHve ABJIAeTCA yMpayKHeHHeM, YCHJIMBaIOUWIMM ee 
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o6pruHyio bynkunio. B cBa3v Cc STHM BOSHHKaeT HEOOXOAMMOCTH B NOBbILICHHM 
MUTaHHA, YTO MH OCYIIECTBJIACTCA B OCHOBHOM 3a C¥eT YBeJIMYCHUA KOJIMYCCTBA 
cocyqos. KamOaloBuquax 2Ke MbIIa, BbINOJHAA B OObIMHEIX YCIOBHAX TPyA- 
HYIO paOoTy TOHMYeCKOrO XapakKTepa, HM TAK OOWJIbHO CHaOX%KeHa KPOBCHOCHBIMH 
cocyqamu. Ilosromy mp H3MeHeEHHH TOHMYeECKOH JexATeJIbHOCTH MbILIMbI Ha QH- 
HaMMYeCKYyI0, MPH KOTOPOH yCMOBHA WMPKYJAMMM KPOBM OGJeryeHBl, KONMUe- 
CTBO KalHJIJISpOB HECKOJIbKO yMeHbulaeTcA. Hy2xHO OTMETHTb, YTO OCHOBHbIE 


Puc. 3. KanuamapHas cetb Bm. vastus lateralis Ha NpoqombHbIX cpezaxX. a — 6 — TO 
%#Ke, uTO Ha puc. 2. Tymb, 903nH, 140 


H3Me€HCHHA B BaCKYJIAPH3alHH MbILLI, HACTYMaIOT K O Mec. Nocde Hauala TpeHH- 
popku. Tlocmenyroumue yupaxKHeHuA yKe HE BHOCAT CYLeCTBeHHOH pa3HHILbl 
B KPOBOCHaO%KeHHe MbBILIIL. 
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IMBPHOJOVH 9 


JI. B. TAHUJIOBA 


{ABJIOMEHUA HAJ, ©OPMAPOBAHHEM MHOTOMOB y SAPOJbILNEM 
OBIUbI (OVIS ARIES KARAKUL) 


(IIpedcmaeneno akademuxom A. H. Baxyaesuim 4 IV 1959) 


CorsiacHo oOulepacnpocTpaHeHHOMY MHeHHIO, MYCKYJIbHad WwaCTHHKa, WK 
OOCTBeEHHO MHOTOM, Yy 3apOJbIlWeH NTH, H MJCKOMMTAIOWUX BOSHHKaeT H3 9NH- 
eNIMAaJIbHbIX KJIETOK JOPCO-saTepaJIbHOM CTeCHKH COMUTA, HWIK epMatoma. Boup- 
UHHCTBO IIpexKHHX MCCeLOBaTeNeH CUHTAIO, YTO MHOTOMBI OOpasyroTCA MWyTeM. 
[OCTeMeHHOTO ONyCKaHHA 3arHyTOrO BHYTPb AOpcasbHoro kpanA MepMaToma 
11, 16, 18, 24) Tora KaK Me3e€HXUMa, pacMouoOxKeHHaA B WeHTPpaJIbHOW ua- 
TH 3AMKHYTOrO COMHTAa, Ha MeCTe OBIBIUeH MOJIOCTH, yuacTHA B OOpas0BaHHH 
[MOTOMOB He IIPHHHMaeT HW ABJIACTCA HCKJIIOUHTeJIbHO CKJI€pOTOMHOM. Onucni- 
Jal OOPasOBaHHe MHOTOMOB H3 KJICTOK, BbICeIAIOULUXCA C BHYTPeHHel MoBepx- 
jocTH JepMatoma (1%). Bmecte c TeM, B MocwjelHee BPeMA NOABHHCh yKa3saHus 
ia (POPMHPOBaHHe MHOTOMA H3 Me€3CHXHMBbI, 3a4IOJIHAIOWLeH MHOLWesb IPH paccpl- 
[aHMM BeEHTPO-MeHabHOH cTeHKH cermMeHTa (1~*%). B cBa3H Cc TeM, YTO HeEKOTO- 
YbIE ABTOPHI MPOMONKAlOT CUNTATb CAMHCTBCHHBIMM HCTOUHHKAaMH NoMepeyHono- 
[ocaTOH MyCKyJIaTyPbl MHOTOMHbIe MHOOuacTHI (°, 7, *), HeCMOTPH Ha MHOrouuc- 
[eHHbIe (PaKTbI CE MC3CHXHMHOLO IIPOHCXOR CHUA (, SALEM Te cates ie oe 
1223) BeCbMa 3aMaHUHBO ObWIO Obl MOKa3aTb, 4TO cam MuoGmacTEI BOSHHKaloT 
{3 M€3CHXHMbI H 4YTO, TAKHM OOPa30M, NPOTHBOMOCTAaBJIeEHHe MHOOMACTOB Me3eH- 
‘MMe KaK HCTOUHHKOB JBYX Pa3JIMUHbIX THNOB MyCKyJIbHOH TKAaHH — mMonepey- 
fonolocaTOH HH BHYTPCHHOCTHOH ruiaqkoH — He SABIAeTCA OOOCHOBaHHBIM. 
) STOH IWeJIbIO ObIIO MpeANPHHATO UCCeEOBaHHe HayaJIbHbIX S9TANOB Audpdepex- 
[HallMH COMHTOB Y 3apOJpilleH KapaKYyJIbCKOH OBLLBbI. 

Bospact 3apofpllllel OTCUMTHIBAJIM OT BDCMCHH OCeEMeHEHHA CaMOK JO MOMeH- 
a 3a60a. Bcero 6piIo HccIeOBaHO OKOVIO 50 3apompuen oT 17 fo 28 cyToK pa3- 
STU. 

IlepBpie COMHTEI NOABJIAIOTCA B Hayasie 17 cyTOK. B MOMeHT OTJeJIeHHA OT 
{eCefMeEHTHPOBaHHOM Me3OJePpMbI COMUTHI MpeACTAaBJIAIOT COOOH MIOTHbIe OOpa3so-- 
AHUA MIPH3sMaTHYeckoH copMb!. Bckope B WeHTpe COMHTOB MpOoucxoLHT CopMu- 
yOBaHHe MOMOCTH, WIM MHoletA. Ha 18 cyTKH HauHHaeTCA BbICeIeHHe CKIepo- 
OMHOM Me3eCHXHMbI, KOTOPaA BOSHUKaeT 3a CUeT PaCCbINaHHA OOJIbINeH YacTu 
eHTPaJIbHOH WH MefWaJIbHOM CTeHOK COMHTa. OkOHUaTeJIbBHOMY Me3CHXHMHOMY. 
PaCTBOPeHHIOy MpeMecTByeT BbICeeHHe OTCbHbIX KJIETOK H3 BeHTPO-MeJH- 
JIbHbIX CTCHOK B MOJIOCTbh COMUTa. SanosIHeHHe MHOWeeH Me3eHXHMOHM Ha6uJii0- 
(aH My (pyrux MileKkonutaioux (1~ *). OOpasopapmlascA MeseHXUMa 3allOJIHS- 
T MHOLelb (puc. | a) uM BbICeIAeTCA B HalpaBJIeHHM XOpfbI. OT NepBuUHOrO Cco- 
(UTA OCTAeTCA JOPCO-NaTepalbHad CTEHKA, B KOTOPOM COXpaHAeTCA PaMaJIbHoe 
acTIONOMKeHHe KNeTOK (puc. | 6). Ita MNOTHAA UaCTb CTEHKM COMUTa NOLrHOaerT- 
d@ BHYTPb Ha MepegHeM, 3afHeM (puc. 2), CIMHHOM HM OpioliHoM Kpaxx (puc. | 6) 
| CJLYKUT UCTOUHHKOM MpomMepalun MesenxuMpl. B sTux cTaqusAX ellie HeJIb3s# 
aZIMUNTh MYCKYMOOOPasyIOWWHX KJeTOK, HIM MHOOsacToB. MuoTompl HaunHa- 
)T MOABJIATLCA TOMbKO c 19 cyTOK, Kora 3arHyTble JOpCcaJIbHble KpaaA Wopco- 
ATePaJIbHbIX CTCHOK COMHTOB, HJM NepMaTOMOB, MpHOMM*KaIOTCA BIVIOTHY!O K. 
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UX BHYTPCHHHM MOBepXHOCTAM, MW KJICTKH, BbICe/IAIOWMeCA H3 HUX, HaYMHAalOT 
nonalaTb B OOaCTb, PaCMOO2XKeHHY1O B HEMOCpefCTBCHHOH OJIM3OCTH K BHYTPeH- 
Heli MoBepxXHocTu jepMatoma (puc. | 2). Lopcanbubit Kpal, MpWxKHMaACh K 
BHYTPeHHeH MOBepXHOCTH JepMaTOMa, MPHXOAMT B COMPHKOCHOBeHHe C Me3eH- 
XHMOl, pacnomaraioulelica B JOpcasbHOH NoOBNHe MomocTH. OTa MeseHXHMa 
ocraeTcad Ha MecTe, He HCHbITHIBAN MUrpalluu, TOra KaK B BeEHTPaJIbHOM MOu0- 
BHHe COMHTa BTOPHYHO MponcxoAuT oOpasoBaHHe CBOOOAHOrO MpocTpaHctsBa, 
WIM MOMOCTH, CBA3AHHOe C OTOJBHTaHHeM Me3CHXHMbI OT JepMatToma (pic. | 6). 
Ku1eTKH, BbICeIAIOIULHeCA H3 KpaeB JepMaTOMa, HM MeSCHXHMa, OCTABIUIMeCA B Jop- 
CaJIbHOH UaCTH COMUTA, Tellepb HaYMHaIOT MpeBpalllaTLcaA B MMOOsacTHI. He TOb- 
KO JOPCaJIbHbI, HO TaKxKe NepeAHHH U 3aHHW 3arHyTble BHYTPb KpasxA JepMaTo- 
Ma IIPHHHMaIoT yuacTHue B OOpas0BaHHH MYCKYJIbHBIX [acCTHHOK M MpomMdepu- 
py1oT Muo6ulacThI (puc. 3). B mecte nepexoyja nepesuero M 3aqHero Kpasi WepMa- 
TOMa B MHOTOM HaGvlloqaloTcA YacTble MHTO3LI. BenTpaJIbHbIM Kpali JepMaToMa 
c caMOro Hayala pacnovlaraeTCaA MOUTH NOX MpPAMBIM yIVIOM K ero JOpco-saTepaJb- 
HO CTeHKe HM HEKOTOPOe BpeMA He MpHruOaeTca K Hel (puc. | 6). Haxoyacb B Ta- 
KOM IOJIOKEHHH, STOT KPa HE MOXKET MPHHHMATb HeMOCpeACTBEHHOTO yuacTuA 
B OOPasOBaHHH MHOTOMA HU MmposmMdepupyeT TOKO MeseHXHMy. BepoxATHO, HMeH- 
HO B CBA3H C STHM MHOTOMBI (POPMUPYIOTCA CHAaYaJa JIMIWb B JOPCasIbHOM 4YaCTH 
cefMeHTa, TOra KaK Ha BeHTPaJIbHOM KOHIe, B yrJly, Of(PaHHYeHHOM 3arHyTbIM 
KpaeM JlepMaTOMa, BO3HHKaeT MOJIOCTb, WJIM CBOOOAHOe IIPpOCTPaHCTBO, B KOTO- 
POM MpOXOZAT peAKue WHTOMMAa3MaTHYeCKHEe OTPOCTKH KJIeTOK, HyuiMe OT Me- 
3@€HXMMbI K JlepMaTomy (puc. | 6). OrHOCcHTeIbHO MpOHCXORKMeHHA STOW NOMOCTH 
MOXKHO CKa3aTb, UTO OHA HE ABJIACTCA OCTATKOM MHOLMeJIA, TAK KaK Tepe], 9THM MBI 
HaOMOJasu 3anoIHeHHe MHOLeseH MeseHxuMolH (puc. | a, 2). Ilo-BuquMomy, pac- 
CMaTPpUBaeMad MOMOCTh (POPMUPyeTCA 3aHOBO MYTeM OTOABHTaHHA Me3CHXMMHBIX 
KJIeTOK OT epMaToma. B coMuTax, Ha BEHTPaJIbHOH CTOPOHE KOTOPBIX OOpasyer- 
CA CBOOOMHOe MpocTpaHCTBO, MHOTOM JOXOAMT JO BbIllleyKa3aHHOM mMomOcTH 
(puc. 1 6). JLambHenuiMh pocT ero UeT 3a CUET BbICEICHHA KJICETOK H3 JOPCaJIbHO- 
ro, mepeqHero MU 3aHero KpaeB JepMaTOMa, a TakxKe 3a CUCT MUTOTHYECKOLO Je- 
JIGHHA yxKe CPOPMHMPOBAHHbIX MHOOJACTOB; MPH YTOM MUTOSbI pacnosararwTcA 
IIpCHMYMLeCTBeEHHO 10 KpaxaM MuoToma (puc. 3). IlocreneHHo pacTymluii MHOTOM 
3aNOJIHAeCT MOJOCTh H MpHOHKaeTCA K BEHTPaJIbHOMY Kpalo JepMaTOMA, KOTO- 
pbI HaunHaeT Ooee KPyTO 3arHOaTLCA BHYTPb HU MPHXOAUT B COMPpHKOCHOBeHHe 
© MHOTOMOM. C STOrO MOMe€HTa MOXKHO FOBOPHTb O HeNOcpeACTBeEHHOM yuacTHH 
BeHTPaJIbHOrO Kpax B Mpomlecce topMupoBaHHA MMOGsacTOB. Sana3qbiBaHHe 
BCHTPaJIbHOrO Kpad B (POPMHPOBaHHH MHOTOMA OTMeYeHO UH y APyrux mpescra- 
BUTeeH BbICLIMX MOSBOHOUHBIX (11, 17,18, 24). B To xe BpeMA MPOMCXOMUT yBe- 
JIMYeHHeE MHOTOMA B TOUJIIHHY 3a CueT BbICCICHHA KJI€ETOK 43 BCeH BHYTPeHHeli 
MOBepXHOCTH JepMaToma. 

Haunuaa c 20 cyToK OcylllecTBaeTCA paspbiXJIeHHe MIOTHOH TO cux Nop 
cpeqHel 4acTH JepMaToMa HM BBICeIeHHe KJI€TOK BHYTPb MO HallpaBJIeHHIO K MHO- 
ToMy, re c 22 cyTOK OOHapyKUBaeTCA CKOMMEHHeE Me3CHXHMHBIX KsIeTOK. Pac- 
cbilaHve cpefHeH wacTH epMaToMa JO cocTOAHHA HeLUddbepeHuMpoBaHHOr 
Me3e€HXHMbI MpOucxogUuT Ha 23—24 cyTKH. SarHyTble BHYTPb JOPCaJIbHbIM U BEHT- 
PaJIbHbI Kpad epMaTOMa COXPaHAIOT CTPYKTYPY SMHTeINA WH MMeIOT Ha Tone- 
peuHbIX Paspesax 3apoOfbIla BU KOMauKoB. HeOombuiue «KosINauKu» Ha6wIO- 
WaloTca Wo 27 cyTOK, Kora HauMHaeTcsA Mporecc cTupaHua cerMentTaluu. Xapak- 
TepHO, UTO SMMTeIHaIbHbIe JEPMATOMHbI€ «KOJIMauKM» pacnosaraioTca B Tex 
MecTaX, Te MpOMCXOAMT ycWleHHOe HapacTaHHe MYCKYybHOM TKaHH, T. e. CO- 
XPaHAIOT, MO MH€HHIO HEKOTOPHIX aBTOpoB (11), pomb 30H pocTa H ABIAIOTCA 
JMTCbHOe BPeCMA MCTOUHHKOM MMOOsacTHYeCKO TKAaHH. OMHakKO MOXHO Mpel- 
MOJIOKUTb, YTO 3TH YAACTKU OKASbIBAIOT HHAYUMPylolllee BIMAHHe Ha Me3eHXH- 
MY, T. €. 3€Cb HMCIOT MeCTO B3AMMOOTHOMIEHUA TOPO xe TUNA, YTO H MeXKLy SIH- 
TeJIHeM HW M€3CHXHMOM B MOUKAX KOHEUHOCTeH HM HEKOTOPHIX APyruX wacTAX Tesla 
sapogpula. B Tex MecTax, re MHOTOMBI He HCHbITHIBaIOT 3HauHTebHOrO poctTa, 
STIUTENMAIbHBIC «KONINAYKH» HCUesaIOT JOBOIbHO paHo. Hanpumep, Bp 8—l1-m 
u 27—80-M cerMeHTaX, PaCMOJIOXKeHHBIX y OCHOBAHHi epeqHUX HW 3a],HUX KO- 
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Pue. 1. Sapoypu opupt. 19 cyTox. IlonepeuHbit paspe3. a — 20-H% comur, 
ok. 10, 06. 40 *; 6 — 15-H comut, ok. 10,06. 40 X; 6 — 10-% comnt, ox. 10, 
06. 40 X; e — 8-H comuT, ok. 7, 06. HMM. 90 X. J — Jopco-maTepabHad CTeHKa, 
2 — mMe3eHXHMa B MMHoOllese, 3 — BeHTPaJIbHbIli KOHeIL comuTa, 4 — cBo6osHoe 
MpoctTpaHcTBo, 5 — JepMaTomM, 6 — MHOTOM, 7 — JOpCaJIbHbIli KOHELL JepMaMHOTOMa 


Puc. 2. 3apoypni opupt. 18 Puce. 3. 3apoypmm opubl. 19 cyToK. CaruTTadbublit 
cyTOK. CaruTTaJIbHbli pa3- paspes. Ox. 10, 06. 40 X. 1 — jepmatom, 2 — muoTom, 
pes 5-ro comuta. OK. 10, 06. 3 —- mepequHHi KOHeLL JepMaMHOTOMa 


40 X. 1 — jopco-maTepab- 
das cTeHKa, 2 — Me3eHXHMa 
B MHOLee 


\H, T. 427, Ne 2, anunosa 


i) 


it 


HeYHOCTeH, POCTa JepMaMHOTOMOB B BEHTPaJIbHOM HallpaBJIeHHM He NPOUCXOAUT 
B CBASH C TEM, UTO MYCKYWJaTypa KOHCUHOCTEM PasBUBaeTCA He 3a CUCT MHOTOMOB, 
a U3 COMATONJIeBpasIbHOH MeseHxHMbI (*,°~11, 7°,2%): 3nech Ha 22—23 cyTKu 
BEHTPaJIbHbIe KOHI{bI MpeTepieBaloT Me3eHXHMHOe paccpinaHve. Takaa xe Kap- 
THHA XaPpakTepHa MWA TpeX 3aTbHIIOUHbIX HM YeTHIPeX MWeMHbIX COMHTOB, re Takxe 
He HaOslOaeTCH 3HAUMTEILHOrO POCTa MMOTOMOB B BeHTPaJIbHOM HalpaBJleHHH. 
OnvicaHHble COOTHOMICHHA ObWIH OTMe4eHBI y NTHIL WH APyrux MuJeKOMMTAIOWUXx 
(11,7). B cermentax, pacMOJIOKeHHBbIX Me%Ky KOHCUHOCTAMH, BeHTPaJIbHbIe 
KOHIIbI, CJIy2Kalllue HCTOUHHKOM CPOPMMPOBAaHHA YaCTH BeHTPO-JaTepabHOM My- 
ckylaTypbl © (7°), COXpaHAIOT CHJIbHO peYUMpOBaHHbie sIMTeMMaIbHDIe 
«KONNAKH» Oo 27 cyToK. JlopcasbHble «KOMayKM» COXPaHAIOTCA HeCKOMbKO 
WOJIbIIe. 

TakuM oO0pa3soM, HaOsiofaemble HaMH KapTHHb! Juddepenuualuu MHOTOMAa 
CBHUJIETEJIBCTBYIOT O TOM, 4TO MHOOACTbI BOSHHKAIOT HE TOJbKO 3a CUeT ZTIHTe- 
WHaIbHBIX KJI€TOK, BbICeEAIOMMXCA U3 3arHyTHIX KpaeB JepMaToMa, HO HM OTUACTH 
3a CUCT MC3CHXHMHBIX KJICTOK, KOTOPbl€ OCTAIOTCA B OPCasIbHOM dacTH CerMeH- 
Ta ocyie mpHrHu6aHua WopcadbHoro M OOKOBbIX KPaeB JePMaTOMa, HM KOTOPHIe, 
COrlaCHO MIpexXKHUM JaHHbIM, ABJIAIOTCA HCKJIOUMTEIbHO CKJIEpOTOMHbIMH (19-18), 
3arHyTble Kpad JepMaTOMa He TOJIbKO MPHHUMAIOT HeMocpesCTBeEHHOe y4uacTHe B 
POPMMPoOBaHHH MHOOMACTOB, MOCTABJIAA KJICTOUHbIM MaTepHaJI JIA MHOTOMA€, HO, 
110-BHJJMMOMY, OKa3bIBaloT BJIMAHHe€ Ha M@3eCHXMMY, KOTOPad HauHHaeT W3Me- 
HATLCA B CTOPOHY OOpas0BaHHa MHOOMacToB. Ham KaxkeTca MpMMevaTesbHbIM 
TO OOCTOATELCTBO, UTO HapyxKHaA Mopco-sMaTepalbHad CTeHKa COMUTa, OOMa- 
qaroulad OOLWIMMH mpoMMdepalHOHHbIMH CNOCOOHOCTAMM, CHau¥asla CJIYXKUT 
MCTOUHHKOM BbICeJICHHA M€3CHXHMBI, MOCce Ke mpHrnOaHua KpaeB JepMaTomMa 
BbICCJIAIOULHECA H3 HAX KJICTKH CTAHOBATCA MMOOsIacTaMH. SaTeM JiepMaTOM CHO- 
Ba mposudepupyeT Me3eHXMMY HM OKOHYATEIbHO pacnaflaeTcA MO COCTOAHMA He- 
WuppepeCHUMPOBaHHOH Me3seHXHMbI. Hain HaOIOeCHUA TOBOPAT O OONbIUION Ma- 
GUJIbHOCTH (POPMbI IMOPHOHAJIBHbIX KJIETOK COMHTa—(aKT, He ABJIAIOULNUCA 
e[HHCTBEHHBIM B CBOeM pole, Tak KaK IIpeBpallleHHA JNHTeMMAJIbHbIX KJICTOK CO- 
MATa B M€3CHXHMHbIe H HAOOOPOT NPOHCXOAAT B CTyYae MHOFUX APyrux opraHo- 
reHe3oB (71). Ha JasbHelityio cybOy BbICeJIAIONIMXCA M3 JeEPMaTOMa KJIETOK pe- 
(MarOlllee BJIMAHHE OKA3bIBalOT YCJIOBHA, B KOTOPble OHH NoMayaioT. TakuMy oco- 
ObIMH YCJIOBHAMH Ip OOpas0BaHHH MHOOMAaCTOB OKa3bIBaeTCA, MO-BHMMoMy, 
HATAXKeHHE, CO3aBaeMOe PAaCTYLLHMH B JWIMHY OOKOBbIMH CTeHKaMH JlepMaToMa 
(cp. (*)). UmenHo B 9TOM HanpaBJIeHHH BbITATHBaIOTCA MMOOJacTHI (puc. 3). 
Me3eHXMa, OKa3aBlllaAcA B TeX Ke YCJIOBHAX, Take HaUMHAaeT MpeBpalllaTLear 
B MHOO/acTbI. Poh HaTAXKCHUA B PAa3BUTHH MbBILII H TEHCHIMA MbILeCUHOH TKa- 
HH PacTH MO AMHHAM HaTAKeHUA Oblia IKCHePHMeHTAaIbHO MOKa3aHa MPH BOc- 
CTAHOBHTEJIbHbIX IMpoleccaxX B CKeJIeTHOH MyckysiaType (‘). 

Kak ObluIO OTMe¥eHO BBIIIe, B BOMpOce O MpPOHCXOKAeCHHU MBILMeYHOH TKAHH 
NPHHATO MPOTHBOMOCTaBATb MHOONACTLI COMHTOB MeseHxXuMe. HepeyKo B yued- 
HOM JMTepaType HM CBOAKaX MbI BCTPeuaeMcA C YTBepxXTeHHeM, YTO NOMepesHONo- 
mocaTa CKeJleTHad MyCKyJaTypa BOSHHKaeT H3 MHOOJIACTOB COMHTOB, OTHOCH- 
MbIX K SIIMTeHaJIbHOMY THY TKaHeH, TOra Kak Me3e€HXHMa JaeT HauaJlO JIMLUIb 
[laKHM WIM BHYTPeHHOCTHBIM mbmUaM (°,’,°). [lpusHaHHe yHHBepcasbHOro 
3HaYeCHHA MMOTOMOB KaK €MHCTBCHHbIX HCTOUHHKOB CKeJICTHOM MyCKYJaTypbI 
CMOCO6CTBOBaJIO YKpelIeHHIO MpefcTaBJeHHA O PpaHHelH TucTOMOrMYeCKOH Je- 
TePMHHUPOBaHHOCTH MHOTOMOB, COrlacHO KOTOPOMy JlaJIbHellee pasBuTHe 
MHOTOMOB OlIpeseuIAteTCH C MOMeHTA HX 3aKJaKH, H€3aBHCHMO OT YCJIOBHHM pas- 
purus (*). B nocmeqHee BPeMA MOy4eHbI 9KCMePHMeHTAJIbHbIe JaHHbIe, OMpPOBep- 
raroulHe HasIMuHe B COMUTe HEOOpaTHMO JeTEPMHMHUPOBAHHbIX MHOTOMHOM HU CKJe- 
DOTOMHON obsacTeht (15). OnucaHo oOpasoBaHHe XpsAlla M3 Tex OOACTeH MHOTO- 
Ma, KOTOPble B HOPMAJIbHBIX YCJIOBHAX Pa3BHTHA [lalOT MBIIeUHBIe BOJOKHA. 
OTCyTCTBHe JeTePMHHUPOBaHHOCTH MHOTOMOB JlOKa3biBaeTCA Take (bakTaMu 
MpeBpallleHuA uacTH MMOOAaCTOB B COeCAMHHTeIbHYIO TKaHb B YCJIOBMAX HOp- 
MaJIbHOrO pasBuTua (12) uw cyuaAMM MpOMCXOKeHHA MYyCKyJIaTYPbIl KOHeUHO- 
Tei HU UaCTH BEHTPaJIbHOM CTCHKH Tela y 3CMHOBOJHBIX, MITHIL M MJICKOMMTAIO- 
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ULMX H3 COMATOIJI€BPasIbHOH Me€3CHXHMBI a TaK2Ke YaCTH JOPCaJIbHOrO MyCKyAb- 
HOrO TAKA U3 CKJIEPOTOMHOM Me3eHXHMBI. 

IIpuHuMas BO BHUMaHHe BbILLeNpHBeJeHHbIe JIHTepaTypHble JaHHbIe H Pe3yJb- 
TaTbl HalWUX HaOJOeHHH, CekyeT OTKA3aTbCA OT MpeACTAaBJICHHA, TO STIHTe- 
JIMaJIbHOe WIM M€3CHXHMHOE PaCMOORKeHHE Me3OACPMAJIbHBIX KJICETOK CBAZAHO | 


TOJIbKO C KaKHM-JIHOO OJ[HHM OnpeeJICHHBIM XapaKTePOM Oy AyulAx MBILICUHbIX 
3aKAaOK. 


MucruryT MOp@oJOrHH 2%KHBOTHBIX Tloctynuso: 
um. A. H. Cepepuosa 3 IV 1959. 
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Jlornano Akaygemun nayx CCCP 
1959. Tom 127, N 2 


IMBPHOJIOLH 1 


O. B. WYMKWHA 


PA3BUTHME ME30HE®POCA B 3APOJILILIEBOM NEPHOJE Y OBLLbi 
HM KOPOBbI (OVIS ARIES HM BOS TAURUS) - 


(ITpedcmaeaexo axademuxom A. H. Baxyaeeoim 30 III 1959) 


J{14 BbIACHCHUA MPHUHHbI H3MeHEHUH, MPOMZOLIeAWIMX B MesOoHedpoce *KBaY- 
HBIX, HeEOOXOAHMO H3yYUUTb Mpolecc pasBHTHA MesoHe*poca y pa3sJIHUHBIX mper- 
cTaBUTeeH STOH PpyNnbl MIeKOMMTAIOULX. 

Pa6ots: Bpemepa (°,°) u Jlepuc u Jlesuc (1°) noKasau, 4TO BCe 2KBaUHBIe 06- 
JlaaioT, BUHMO, OCOOIM CTpoeHHeM Mepesvero OTela MesoHepoca, KOTOPHIM 
pa3sBuBaeTCA B rHraHTCKHi KOMMIeKc. Takoe CTpoeHHe Me30Hedpoca obecreyH- 
BaeT 3apOJbIWlaM STON PpyMMbl KMBOTHHIX HavaJIO PYHKUHU BbIeeCHHA Ha OUeHb 
PaHHUX CTaqMAX pasBUTHA. 

Hactoamlee CooOlleHHe MOCBALeEHO COMOCTAaBJICHHIO Ppa3sBHTHA Me3oHedpoca 
OBIIbI H KOPOBbI B TeYeHHe 3apObIllleBoro Nepuosa. 

Pa6ota mpoBeyqeHa Ha JaTHPOBaHHbIX 3apOJ[bIlllaX KapaKYJIbCKOM OBIIbI HU 
JaTMpOBaHHbIX HM HeaTHPOBaHHbIX 3apOfbillliaX KOPOBbl MACHOM MoOpogy, 
mlouyyyueHHbIxX B AcTpaxaHCKOH oOnacTu. OnpeyeseHHe Bo3spacTa HejlaTHpoBaH- 
HbIX 3apOJbIlleH MpOBOANIOCh NyTeM CpaBHeHHA UX C JaTHpOBaHHbIM MaTepHaJIOM. 
BospacT 3apoblillei OTCUMTHIBAJICA C MOMeHTa TIOKPbITHA JO BpeMeHH 3a6048. 

Bcero Oblvio HcnOb30BaHO 27 3apOfblllleH OBLUbI BO3pacta 16—32 cyToK Hu 
13 3apogpleH KopoBbl 22—35 cyToK pasBUuTuaA. 

Jia yqoOcTBa COMOCTaBJICHHA MbI B3AJIM HECKOJIbKO Y3JIOBbIX CTaqHH B pa3- 
BUTHHM Me3soHedpoca. 

CTraquavA 38aknahKuH Me3Z30HEMPoOca. SBapoxpi oBUb — 
17 cyTKH; 3apofbIll KOpoBbI — 22 cyTKH. Y OBILbI NepBad 3aKJayKa HepporeHHoro 
Tama Oblla OOHapyxeHa VY 3aposblleH, OOsaqatoulux 7 nNapaMu comuToB*. Ha 
STO CTaAHH pa3sBUTHA He*poreHHblt TAK BUCH KaK TEMHOOKPallleHHad rpynna 
KJleTOK, PacnoJlOwKeHHad B CpefHeH MlaCTHHKe Me3OepMbI. Cxo,Hyl0 KapTHHy 
moka3aJI Bouu (7) 21a 6-cOMHTHOPO 3apOJblllla OBWbI BOospacta 16,5 cyToK. 3a- 
KJlajiKa BOsIbcdoBa MpoToKa BrlepBble Oblia OOHapyxeHa y 1l-comuTHOrO 3apospl- 
ua OBIbI. B 3TOM BO3pacTe OH HMeeT BH MIOTHOPO TAKA KJIETOK, PaciOJIOXKeH- 
HOFO C JOPCaJIbHOH CTOPOHbI He*pporeHHOH TKaHH. 

Y oOMucbiBaeMOrO 3apPOJbIllla MOMKHO YBUJeTb PaspbIXJIeHHe KJeTOK Hedpo- 
TeHHOrO TAKA B eFO BEHTPabHOK OGMACTH, UTO ABJIACTCA 3akKJaKOM rloMepy- 
JIAPHOH TKAHM MesoHedpoca. Kak noKxa3asu Jlesuc u Jiesuc (*), 3aksayKa rio- 
MepYJIAPHOM TKaHH B Hec:ppOreHHOM TAKE MPOWCXOAUT TObKO B MepeHeM OTJe- 
Jie MesoHedpoca, TOrfa KaK B OCTAJIbHBIX erO OTeax PIOMepyJIApHad TKaHb 
HHBaruHupyeT H3BHEe. 

Ileppasd 3aklafKa KaHaJIblleB Me30He*poca OBLbI OblJlIa OOHAapyxeHa HAMM y 
17-comuTHoro 3apogputa; no Jlepuc u Jepuc (**), Mesonedpuyueckue KaHaJIbIIbI 
y OBI[bI 3aKabIBalOTCA Ha Ooslee PAHHUX CTaMAX pasBUTHA. 

Y s3apospuula KOpOBHI, OOlaqaiomlero 20 napaMu COMHTOB HU ABJIAIOULerocs Ca- 
MBIM PaHHMM B HallleM MaTepHale, B Me3sOHepoce BUAHbI XOPOWIO pasBUTbIe 


* CyeT COMHTOB Ha 7-COMHTHOM CTaqHH MpOu3BOAMJICA C y4YeTOM 4 3aTbIJOUHbIX COMHTOB. 
Haunnaa c 11-comuTHoli cTaqMM yUHTbIBAIHCh TONbKO 3 3aTbIIOUHbIX COMHTA, Tak Kak |-i 3aTbI- 
JOUHbIM COMHT K 3TOMY BPeMeHH yxKe paspyllaeTcs. 
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KaHaJIbIbl, OTKPbIBalOUlMeCA B BOMb(POB MpOTOK, KOTOPbIit MMeeT MOVJIOCTb; 
B IIOMepyJAPHOH TKaHH MpOMCXOAMT POPMHPOBAaHHe KallMJIVJIAPOB. 
Cy 0 WMeIOWlMMCA aHHBIM, 17 cyTKM y 3apoOfblllla OBI[bl COOTBETCTBYIOT 
NpuMepHO 22 cyTKaMH pasBUTHA 3apOfbIll,a KOPOBbl KaK MO YPOBHIO OOULero pas- 
ButTus (1,5), TaK M10 XapakTepy pasBUTHA MesoHe*poca. CiefOBaTebHO, Y OBILbI 
Ha 17, a y KOpoBbl Ha 22 CyTKH MpOMCXOANT 3aksJlayKa HeporeHHoro Ts2xKa, 
3aklaKa BOJbOBa MpoTOKa, OOpas0BaHHe MOJOCTH B BOJbPOBOM MPOTOKe, 3a- 
KlaKa KaHaJIbIleB H paspbIXJIeHHe TIOMepyJIAPHOM TKAaHH, a TaK%Ke HAYMHACTCA 
(bOpMHPOBaHHe KaNHJVJIAPHOM CeTH MesOHeE@poca B ero MepeAHeM OTEWe. 

Craquanxn Hatana MYHKUHOHATLHOHKH enxnTenuep ne 
CTH Me3ZOHe Poca. Sapogput opus 19 cyroK (27 coMuTOB); 3apoAbI 
KOpoBbl — 23 cyToK (28—30 comuTos). 

Vs onncpipaemoli craqun HecpporeHHblli TAK Ha ypoBHe 7—15-ro COMHTOB pa3- 
BHBaeTCA B FHraHTCKHH KOMIWIC€KC, B HEM XOPOLO pa3JIMUMMbI KaMepbl, OTTPaHH- 
YeHHbIe Lpyr oT Apyra nmeperopos@KaMu, B CTeHKaX KOTOPbIX MPOXOAAT KalWuI- 
JIAPbI, a TAK2%Ke XOPOMWO PasBUTHI KaHaJbubl (pHuc. | u 2, cM. BKeHKy K cTp. 427). 
Tlepequve 5—6 kKaHaibueB KOpoue ocTaJIbHbIX u uMeoT S-oOpasHy!0 dopmy, 
OCTAJIbHbI€ KaHaJIbILbI HMEIOT BUA ABOHHOM cnupamu (7). B KaHasblax Buna 
AudcepeHUupoBKa Ha MPOKCUMaJIbHbIe H AMCTAaJIbHbIe OTMeJbI. 3a OONacTbHO 
ruraHTCKOrO KOMMIeKCa pacnosoKeH MasloqudppepeHUMPOBaHHbIH OTJeJI Meso- 
Heppoca. BosbdoB mpoTok OTKpbIBaeTCA B kJOaky. 

Ji. lesuc (11) spickasam mpeqmosoxkenne, MOATBeEpxKeHHOe PAZOM THCTOXH- 
MHYeCCKUX HCCelOBaHUli, uTO DuddepenupoBKa MesoHe*pHueCKHX KaHaJIbILEB 
Ha MPOKCHMAaJIbHbIe H JUCTAJIbHbIe OTACJIbI MOKET CJyAUTb KPUTepHeM ompesjese- 
HMA HavaJla aKTHBHOM (PyYHKUMOHAJIbHOM JeATeJIbHOCTH MesoHedpoca. OH cuH- 
TaeT, UTO MesOHEpoc OBIbI HaYMHaeT (PYHKWMOHMPOBaTb y 18-cyTOUHBIX 3apo- 
WpileH, HAXOLAULUXCA Ha CTaNMM pa3sBUTHA Mexy 23 nu 29 CoMHTaMH. ) 

Ecau cuutaTb AuddepeHuMpoBKy KaHaJIblleB Ha MPOKCHMAaJIbHbIe H AHMCTaJb- 
Hbl€ OTJCJIbI KPHTepHeM Hauala (PYHKWHH Mes0He*poca, TO y KapaKkyJIbCKOH 
OBILbI Me30HeE(*ppoc HauHHaeT (PyHKIMOHUMPOBaTb B Bospacte 19 cyToK y 27-coMuT- 
HOrO 3apOyblllla, a y KOPOBbl HavaJIO (PYHKUHMOHAJIbHOH JeATeJIbHOCTH Me30HE- 
(ppoca OTHOCHTCA K 23 CyTKaM pa3BHTHA. | 

CraquA Havana HyHKWHOHAALHOH RenaTenbuo 
CTH 3O0HH] MA2TbNHrTHEBHX Teme. Sapoz oByE — 21 cyT- 
KH; 3apOfbIlll KOpoBbI — 26 cyTox. Ha 9TOM cTay\MM pasBUTHA Me3OHeEPpoc OBILHI 
H KOPOBbI COCTOHT H3 Tpex oTZeN0B. IlepBy1o TpeTb Me30Hepoca 3aHHMaeT XO- 
POO Pa3BHTHI THraHTCKHH KOMMIeKC; 3a OOaCTbIO THraHTCKOTO KOMMJIeKCa 
pacnojaraetca mepexofHad 30Ha, KOTOPad Y KOPOBbI BbIPaxKeHa 3HAUHTEbHC 
cula6ee, YEM Y OBLbI; 3a MepeXOLHOH 30HO! MOMellaeTCA 30Ha HOPMAJIbHBIX MaJIb- 
MMPHeBbIX Teel. J[is STO CTaqMM XapakTepHO Hayao AudhepeHuupOBKH Ka- 
HaJIbIleB 3OHbI MaJIbIMTHeBbIX TeJIeH Ha NPOKCHMAJIbHbIe H LHCTAaJIbHbIe OTH, 
a TakKe NOABJIeHHe CeKpeTa B MPOKCHMAJIbHBIX OTeaX KaHaJIblleB mepesHerc 
oTyesia rHraHTcKoro komiiekca. B xBocTOBOH 4acCTH TMraHTCKOrTO KOMMUIeKCcé 
cocyfIbI B Neperopoy{kax MexK]Y KaMepaMH HauHHAaIOT COOUPATLCA B PpoO3sbeBuy- 
Hble OOpa3s0BaHHA, KOTOPbIe MOKA3bIBaIOT MOCTENCHHbII MepeXO K OOIUHEIM MaJIb- 
TIHPHeBbIM KJIyOOuKaM. | 

Crawquax HauBHcCmero pazsBUYTHA FuranHTcKoro 
KOMI &ekKca. K 26—27 cyTKaM pasBuTHA y OBI H kK 31—32 cyTKam y Ko- 
POBbl THraHTCKHH KOMIIIeKC OCTHraeT CBOerO HavBbICHero pasBuTHa. Kamepp 
rHraHTCKOrO KOMIWIeKcCa Tellepb TYCTO 3aMOJIHeHb! JONOJHHTeIbHBIMU TMepero.- 
PpOAKaMM, KOTOPbIe CBOOOAHO CBEINMBAaIOTCH B NOMOCTh KaMep B MecTax, Tue 
NoceqHHe MpHieraloT K CIMHHOK aopte. Ilourm Bee npocTpaHcTBo mepeqHux 
KaMep 3aHATO JONOJHUTEJIbHBIMM MeperoposKaMu, TaK 4TO cO3saeTCA BeuaTJe- 
Hue, OyATO Obl B MepeWHeM OTJeNe THTaHTCKOFO KOMIJIeKCa Pa3BUBalOTCA Madip: 
NMPHeBbI KyOouKN. B ero KayJaJIbHOM OTJeNe JONOMHUTEbHEIX Meperopoyor 
CTaHOBHTCA MeHbule. Cocybl neperoposoK, KaK H Ha Mpesbiymel craqHu, o6. 
pasyloT TpO3beBHHbI€ BbIPOCTbI, KOTOPble y OBI[bI MOCTeMeHHO Nepexosar fF 
HaCTOAULHe MaJIbIMrHeBbl KJTyOOUKH. Y KOpOBbI, XOTA B MocMeqHUX KaMepa> 
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fHaHTCKOrO KOMIWIeKCa HM OOPasyIOTCA BbIPOCTHI COCYNOB Ha CTeHKax KaMep, 
{CIIbSA HaWTH UX MOCTeMeHHOrO Nepexoja B MaJIbIMMTHeBLI KYOOUKH; Ha 9STOr 
TaNMM PasBUTHA B Me3OHEtPpoce KOPOBEI HeT MepexoHOli 30HbI, HU ruraHTCKHt 
KOMIWIEKC Pe3KO OTJeJICH OT 30HbI MAJIBMMIHeBbIX TEJIEIL. 

Craqauag Hauaga merenhepauunu Me30HeE@Ppoca. 
Y sapoplila OBIbI 27 CyTOK Hy 3apObIlWa KOPOBbI MpuMepHo 33 cyTOK B TouOB- 
HOM OTJleJIe MesOHet:ppoca OTMeCYeHbI BIePBbIe CebI WereHepalluv, a YMeHHO. 
yYMeHbIWeHHe MOOCTeH NepeMHHX KaMep THraHTCKOrO KOMIMVIeKca WM 3ano/HeHHe 
Mx cocyfamu. C sToro BpeMeHH MpOMeXKYTKN MexK]y KaHaJIbllaMH, a TaKXKE Ka- 
MePpaMH FHraHTCKOFO KOMILIeKCa HAYHHAIOT 3apacTaTb MIOTHOM COeAMHUTeIbHOK 
TKaHbIO. Ha Oowlee NO3AHUX CTAMHAX Pa3BUTHA KaHaJIbILbI PacMaaloTca Ha OT- 
JeJIbHbIeE KyYCKH (7). 

CiefyeT OTMeETHTb, 4TO y KOPOBBI jerenepaliua MesoHedpoca B 3apojibillie- 
BOM Ilepvojle BbIPaxKeHa MeHEE ACHO, 4eM y OBUbI. Y OBILbI B KOHI€ 3apOpILeBOro 
MepHOa MOXHO OTMETHTb (PparMeHTALlMIO MepBbIX KaHaJIbILeB H HX OTMeNeHHe 
OT ruraHTcKoro KIyOouKa. Y KOpOBbI JereHepaTHBHble H3MeHeEHHA MpescraBue- 
HbI TOJIbKO YMCHbUICHHeEM KaMep THraHTCKOFO KOMIWJIeKCa H 3aMOJIHeEHHeM HX CO- 
cylaMH. 

Ilpu conoctTaBjeHHu pa3sBHTHA Me30Hedpoca OBILbI HM KOPOBbI BHAHO, 4TO OHO. 
y OOOHX BUAOB MpOTeKaeT CXOJHBIM OOPas0M. SakslaqKa Me3oHedpoca mpoucxo- 
WMT Ha PaHHuX cTaquaAx pasBuTuA. []pumMepHo nepBaxn TpeTb Me3zoHedpoca 3a- 
HATA THrAHTCKHM KOMIWJICKCOM, KOTOPbIM HW y OBIbI, H y KOPOBbl pacnoularaeTca 
Ha yposHe 7—15-ro comuTosB. 3a 30HOM rHraHTCKOTO KOMMIeKCa HaXOJUTCA Me- 
pexoqHaa 30Ha, C3aJM KOTOPOH HauHHaeTCA 30Ha MaJIbMMTHeBbIX Teel. B o6- 
JacTH THraHTCKOrO KOMMJIeKca OUeHb PaHO HacTyNaeT WudPepeHiMpoBKa Ka- 
HaJIbILeB Ha J\MCTaJIbHbIe HW MPOKCHMAJIbHbIe OTACJbI, H, CCH CUMTATL Auddepex- 
IMpOBKY KaHaJIblleB KPHTepHeM Hauada UX PYHKWHOHAJIbHOM JeATeIbHOCTH, TO 
y o60HX BUOB MesoHedpoc cnoco6eH K PyHKUHH ye K Haualy mocweqHel Tpe- 
TH 3apoOfpllleBoro nepuosa. 

Hapsy c 601bIIMM CXOJICTBOM B pa3BHTHHM Me30HePpoca OBILbI H KOPOBbI MOX- 
HO OTM€THTb HEKOTOPble OCOOeHHOCTH, XapaKkTepHble WIA Kaxkoro Bua. Ec 
CONOCTaBHTb OOllee PasBUTHe OBIbI H KOPOBbI, TO BHAHO, YTO TEM PasBHTHA y 
OBIIbI OOJIbIIMH, YeEM Y KOpOBp! (7,°). COOTBeTCTBEHHO Y OBIIbI BbILMe TEMM PasBH- 
THA MezoHedpoca. Y KOPOBbI MeHbIWe Pa3sBHTa MepexoqHaA 30Ha, a TakxKe 
MeHee ACHO BbipakeHa JlereHepalHA MesoHedpoca B KOHIe 3apObIWeBoro: 
nepuoya. 

Bpemep (°) u Jlepuc u Jlesuc (1) BicKa3aiM mpeqnooxweHne, YTO THraHT- 
CKHH KOMIMJICKC 2KBaUHbIX Pa3BHBaeTCA U3 PAJa BHAOM3SMeCHCHHIX KaHaJIbIleB 
MezoHedpoca. Ec ato npeqnouoxwKenve BEPHO, TO Hall JaHHble LaloT OCHOBA- 
HHe JyMaTb, YTO KOPOBa B PasBUTHH PHraHTCKOrO KOMIWIeKCa B8alllia Naviblue, 
YeM OBIla, TAK KaK OHA OOJIafaeT MeHee PasBUTOH NepexoqHon 30HOH. J]ia pa3- 
pellieHHA 3TOTO BOMpoca HeEOOXOMMO JaJbHelilWee UCCIeEMOBAaHHe CTPOeHHA H 
Pa3BUTHA Me3O0HeEdpoca y Pa3sJIMYHbIX FpyNM AKBayHBIX. 

ConocTaBJeHHe pasBHTHA Me30He*poca OBIbI H KOPOBbI C JaHHbIMH MO pas- 
BUTHIO Jpyrux rpymn mosBoHouHEIX (3, 14, 15,1”) nosBoAeT HaM CelaTb cueyt0- 
we BbIBOJHI: 

1. Meszonedbpoc 2KBauHbIX Pa3BHBaeTCA, BEPOATHO, B OCHOBHOM 3a CUeT Me- 
BOHEPHYeCKONH 3aKJIaKH; MCKJIIOUCHHeEM MOFyT ABJIATbCA TOJIbKO MepBbIe Ka- 
aJIbIibl THPAHTCKOFO KOMMVJIeKCa, KOTOPbIe MOFJIM BOSHHKHYTb 3a CueT pyHMeH- 
apHOH 38aklaqKU mpoHepoca. 

2. CBoeo6pa3sHoe pa3sBHTHe KPOBeHOCHOHM CHCTeMbI rMraHTCKOrO KOMIVIekca 
OXKHO PpaCCMaTPHBaTb Kak HOBOOOPasoBaHHe, CBASAHHOe CO crelMpMyeCKHMU 
CNOBHAMH pa3BUTHA WU paHHeli PYHKIMOHAILHOM JeATEIbHOCTbIO MesoHedpoca 
BauHbIX. Y X2KBayHbIX AuddepeHuupoBkKa HeqporeHHoro TAxKa UW COCyOB LuH- 
aHTCKOrO KOMIIIeKca HacTynaeT Ha OUeCHb PaHHHX CTayuAX Pa3BHTHA, KOrla 
po- H MesoHedpuyeckhe 3akJaQKH elle He yclesH OOOCOONTECA HW HaXOMATCA B 
BASH C TOM YaCTbIO CpeHeH MIacCTHHKH Me3O0JepMbI, KOTOPaA UeT Ha OOpaso- 
aHHe KPOBeHOCHBIX COCYJOB. 
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3. Y muleKOMMTAIOWLUX BpeMA 3ak/aKH megoHepoca, ero cTpoeHve M Ha- 
yao (pyYHKUMOHAIbHOH NexATebHOCTH TeCHO CBA3AHO C THMOM CTPOCHHA IJla- 
ueHTbl (°). Kak H3BeCTHO, Y HapHOKOMBITHEIX MPOHCXOAMT MOSHHAA UMIMJIaHTalys 
3apObIeBOrO NYSbIpA. Y oBllbl, KOPOBbI H CBHHbU 3apO/IbILIeBbIA My3bIpb WM 
uiaHTupyeTca B mocseqHeH TpeTH 3apOjpiILeBoro NepHosa (1, 2,278, 1*).; [los anions 
UMIJaHTalWio UX 3apOfbILIeBbIXx nysbipeH clelyeT CUMTATS npHunHon paHHerc 
pasBUTHA MesoHePppoca y apHoOKonbITHEIX. [pa 9TOM nmpucnocoOjeHHe K paHuHer 
JleATebHOCTH MesoHeE*ppoca Y TapHOKONBITHBIX WWIO B ABYX HalpaBJIeHHAX 
y HevKBauHbIX — B HallpaBseHHH yBeIMYeHHA PasMepa MaJIbIMMTHeBbIX TeJIeL 
(2°), y 2%KBauHbIX — B HallpaBJeHH W3MeHeHHA MepedHero OTAea Me3oHepocé 
B PHraHTCKHH KOMIUJICKC. 

CnemyeT OTMETHTb, ATO 6bICTPbIi POCT asaHTOUCca Y TlapHOKONBITHBIX He 
CTOJbKO CBA3AH C HadaJiOM (pyHKUMOHAIbHOM AeAaTeJbHOCTH mesouedpoca (°) 
CKOIbKO ABJIACTCA TaBHbIM OOpas0M IpHcnocoGleHHeM K YCTAaHOBJeHHIO TEC 
HOTO KOHTaKTa O4€Hb JVIMHHOTO 3aposPulleBoro MySbIpsA co creHkol MaTKH. Kpo 
Me TOLO, OH CJLy2KHT Kak Jeno pesepBHbIX IMTATeCJIbHBIX BeWLeECTB, O EM TOBOPA’ 
Jlannple, MOsyueHHble MPH W8yYeHHH TJOAHPIX XKUIKOCTeH PasJIMUHBIX MJIEKO 


nurarouux (11,15, *%). 


VUuctutyT Mop@ouorHH 2KHBOTHBIX Tlocrymusio 
um. A. H. Cepeptiopa 4 III 1959 
Axanemun nayk CCCP 
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